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Thb object of this seiicB ie to bring into ouo focus the 
Icadiag fcaturee and present position of 
portant industries of the kingdom, so as to enable tbe 
general reader to comprehend tbe enormous develop- 
ment that haa taken phice within the Inet twenty or 
thirty years. It is e%ident that the great iucreaBO in 
education throughout tho country huB tendeil largely 
to foator a simiiltanooiis interest in technical know- 
ledge, as evinced by the spread of Art and Science 
Schools, Trade Museums, International Eshibitiona, 
&o.; and this fa«t is borne out by a perusal of tbe 
daily papers, in wiiiehibe j>ronii^uf!e^-giyen to every 
improvement in tcado ar mocbinciy atJ»p>s,tbo desire 
of the reading pubL'ij- ;tc, ^dw. ;aoro about these 
matters. Here, howeTor, tho difScahj commences, for 
the only means of aijquj^BfJ .this-iMfoip^ation are from 
handbooks to tho varions manufactutes (which are 
usually too minute in detail for general instruction), 
from trade journals, and the reports of aoientiSc 
societies ; and to obtain and ayatomatize these scattered 
details is a labour and a tas upon time n.uA, 'jraS.vsiSR. 



iv PREFACE, 

which comparatiyely few persons care to snrmomit. 
In these yoliunes all these facts are gathered together, 
and presented in as readable a form as is compatible 
with accuracy and a freedom from superficiality ; and 
though they do not lay claim to being a technical 
guide to each industry, the names of the contributors 
are a sufficient guarantee that they are a reliable and 
standard work of reference. Great stress is laid on 
the progressive developments of the manufactures, and 
the various applications to them of the collateral arts 
and sciences ; the history of each is truly given, while 
present processes and recent inventions are succinctly 
described. 
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' Thi impoitauce of this manufacture can hardly bo 
exaggerated. Sulphui'ic acid is used in bo mimy arte 
and proceescB, that ite extensive production and em- 
ployment in a country may be tnkeu ae a measure of 
the degree of eirilization. Of the useful materials 
which are obtained by the aid of this acid I may 
mention, as well-known examples, soda, soap, chloride 
of lime, and glass. But in fact the employment of this 
acid is essential to the preparation of eoautless matters 
useful in metallurgy, in dyeing and calico-piinting, in 
medicine, &a. To such uses of sulphuric acid I shall 
have repeated occasion to refer in the following pages. 
Although the common process in use foi the prepara- 
tion of oil of vitriol (another name for sulphuric acid) 
has been carried on for upwards of a century, it is 
neither the original method of making this eubstance, 
nor is it one simple and easily andeiatQod. T^ 



"2 BSITISB MANUFACTUBIsa rSDUSTSIES. ^ 

' origiu&l oil of vitriol was really distilled from a kind 
of "vitriol," tLe name given to certain suits or oom- 
poands containing a metal, derived from siilpliaiia 
ftcid. Such vitriols tre — blue vitriol, or Butpliata of ' 
coppor ; wliito vitriol, or Bulpbate of zinc ; and green 
vitriol, or sulphate of iron. This last compotmd hat 
long been employed at Nordhausen, in Saxony, for the 
preparation of a remarkable kind of oil of vitriol, 
which fumes in the air, and is much denser than die 
ordinary sort. As it is extensively used for dissolving 
indif^o, in preparing certain bivths for dyeing bine, I 
will briefly describe ita manufacture here, befoia 
Bjteakiog of the more complex operations involved in 
tho preparation of ordinary sulphuric acid. 
I The green vitriol is first of all dried, to remove most 
I of the water of crystallization : at the some time a 
considerable quantity of oxygen ia absorbed from tlje 
air, and thus in the subBequent distillation less snl- 
pburous acid gas (sulphnr dioxide, SO^) is given off 
and lost, as a ferric sulphate is formed. The next step 
is to beat the dried green vitriol in small £re-olay 
retorts, with charges of about 2^ lb. apiece. ThA' 
distillate consists of weak sulphuric acid containing 
aojne amount of sulphur dioxide, and is thrown away. 
Then the receivers, each containing about an ounce of 
water, or of common sulphuric acid, are luted on to the 
I retorts, after the heat baa been raised and white fumeg- 
of sulphuric anhydride begin to appear. The distillst- 
I tion proceeds for twenty-four to thirty-six hours, while 
I four repetitions of the process are requisite before thfr 
L diBtiUed acid attains the requisite strength of 1*88 to: 
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^^^^9 specific gravity. The acid tlius made fumca in 
the air, is geuerallj of a pale brown colour, and has 
the approximate composition of 1 molecule of sulphuric 
ooid and 1 of aulphuiic anhydride (or HjSO,, SO3). 
It is twice as etTective in dissolving indigo as ordinary 
oil of vitriol, and is, unlike that acid, nBnally :&ee from 
I, but always contaiue traces of iron. 
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The whole of the vast quantity of sulphuric acid 
manufactured in Great Britain is prepared by a process 
of French origin, invented by a calico-printer of 
Bouen, and improved by the eminent chemist Chaptal. 
The earliest snlphuric acid works were erected by 
Dr. Etfebuck, of Birmingham, who introdnced the pro- 
oeas about the year 1746, and then bnilt the first " lead 
chamber " for carrying it on at Preatonpans, near 
Edinburgh. The chemistry of the process is not yet 
thoroughly nnderstood, but the conditions of a success- 
ful manufacture can bo easily fuUillcd. It must be 
premised that sulphuric acid cannot be made at once 
by the direct union of tho three eloments which it 
contains. If this were tho case, nothing more would 
be needed than to burn sulphur in the presence of an 
ample supply of atmospheric air and of steam. But in 
this way an acid called sa/pfturoiw ia obtained, differing 
wholly from sulphuric acid in its properties, and oon- 
taining one atom of oxygen less. To introduce that 
atom of oxygen is the difficulty. It has to be done by 
the agency of what may be termed an. " os3^cQ,-iiwm«t V 
si. 
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I ft BubBtance whioh hiis a sufficient attraction for oxygen 
I to absorb it from the air, and yet docs not enter into 
\ BO fixed an union nith it, as not to permit it to fonn 
: fresh combinutiuiiB. Nitriv acid and eeveral of 'Qie 
Oiidee of nitrogen are capable of fulfilling this fono- 
tiou. Thus in the mauufucture of Bulphuria aw 
I have to employ the materials hero given — 
I (1) Sulphnr, or a substance capable of yielding 
I Btilphur dioxide (sulphuric acid gas) when burnt ; 

(2) Atmospherio air, to supply the nocesBary oxygen 

(3) Water, in the form of Htcani, or water-spray. 

(4) Nitrio acid, derived from the action of a emml! 

' quantity of oil of vitriol on a small quantity of sodiinn 
nitrate. This nitric acid soon becomes changed, yield- 
ing certain oxides of nitrogen which answer the eome 
purpose, viz. that of carrying oxygen. 

I shall proceed to consider in order the several 
materials just named, their sources, and manner <rf 
employment. 

(1) First of all, as to tha sulphur used. Formeply 
native sulphur, chiefly imported from Sicily, was tlie 
BoIe foundation of this manufiicture, the quantities 
thence into tho United Kingdom amounting to 19,12S 
tons in 1833, to 38,654 tons in 1838, and to 1,152,111 
in 1867. But after the King of Najiles had granted (i] 
18SS) a sulphur monopoly to a French company, great 
efforts were made to find other sources of sulpbui 
even to recover the acid used up in certain mano- 
foctnres. Pyrites, a natural compound of 1 atom of 
iron and 2 atoms of sulphur, and containing whea 
pure more than 53 per cent, of the latter element, 
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COCkaiaiTely introduced, and is now most Buccessfnlly 
emplojed, ae is tlie sulpliiiT frara the iron oxide used 
in jrarifying coal-gas. 

If sulphur be used, it ia burnt on an iron floor sup- 
ported by brickwork, and beated by a small fire at first 
to start tbo combustion. The door through which the 
anlphur is introduced has shutters in it for the regu- 
lated admission of air, while the gaseous product of 
the combustion ia led away through a flue cither 
directly or indirectly into a largo leaden chamber. 
The admission of the requisite amount of air may be 
regulated by machinery, but it is usually left to the 
eldll of an experienced workman. If pyrites be used 
iuBteod of native or distilled sulphur, a diffcienl; form 
of burner or furuace is needed. Sometimes a cascade 
burner is used, when the pyrites is burnt in falling ; 
but more often it is shaped like an inverted cone, and 
h&B holes for the ontrnjice of air both at the bottom 
and top. The first action of the heat applied to start 
the combustion of the pyrites is to sublime a portion 
of the sulphur, a new iron sulphide being left behind. 
But the sublimed sulphur, meeting with oxygen from 
the upper rauge of openings in the cone, is there burnt, 
while ereu the residue on the floor of the furnace 
gradually loses its sulphur, through the oxidation caused 
by openiug the lower set of holes and closing the 
upper, becoming at last the iron oxide known as rouge 
or rust. Sometimes this substance contains enough 
copper to ba worth treating for the oitraction of that 
metal, or oven of the silver occasionally present in 
fa^juigqaaatii^os; this rewdaemstj siaaVi^^Kt^jwAs. 
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onplc^ed for purifying gas, for iron smelting, &c. The 
quantity of pyrites, of nati've Bulpbnr, or of roeovered 
aulpliiir i?itfa which thG burners are charged from time 
to time, will depend apon the size of tiio chambot of 
load on the floor of which the oil of vitriol is oon- 
dcneed, and upon the number of fumacos or bomen 
vrhich feed such chamber. For a chamber 16 feet hi^h, 
20 broad, and 120 long, 12 cwt. of sulphur (or nearly 
twice that quantity of pyrites), divided into six charge^ 
will be required ; but it must bo remembered tiiat 
slight changes in the apparatus employed, or the oon- 
doct of the variona operations involved in the nuuiQ- 
facture, may considerably alter the rate at which the 
sulphur can he consumed. Tliia point will be referred . 
to farther on. 

(2^ As to the atmospheric air necessary to supply' 
the otygen fur the comhiistton of the Bulphnr or 
pyrites, its admission into the burners has been al- 
ready described. But n further quantity is required 
before the final product can bo formed. Each atcon of 
sulphur (by weight 32 parts) will tnke up 3 atoms of 
oxygen (together weighing 48 parts) and 1 molecule 
of woter (weighing 18 parts) to make one raoleonle. 
of oil of vitriol. Two-thirds of this necessary oxygen 
are taken up in the burners ; the remainder is snbso- 
qnently admitted, as into the leaden chamber, &o. 
When pyrites is used as the source of sulphur, a still 
larger amount of oxygen will be requisite, for the iron 
as well as the sulphur must be combined with this 
element. If a kilogram of free suljiliur, in order to 
convert it into oil of vitriol, require the oiygon con- 
tained in 5300 litres of atmoBpbem aiii, ftuso. ttie earns 
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t of combined Bulphur, as it oceura in pyrites, 
will require the osygen fumiehed by Bome 6600 litres 
of air. 

(3) Tlie third material necessary to the formation of 
oil of vitriol ig water ; this is iotroduccd in the form 
of high-pro saiire steam, which is admitted, in regu- 
lated amount and at different levels, iuto the leaden 
chamber. Quite recently water-spray, blown in by 
steam, has been used. 

(4) The fourth reijuiBite is nitric acid. This suh- 
Btance has a very singular fuuetion to perform, and it 
does not enter in any way into the final product of the 
manufacture, and so differs entirely from the three 
materials preTioualy considered. The office of the 
nitric acid used is to carry the oxygen of the atmo- 
Bpberic air to the sulphur dioxide, a transference which 
it effects in the presence of water. Ultimately it ia 
found that 2 molecules of nitric acid lose 1 molecule 
of water and 3 atoms of osygen, and therefore suffice 
to turn 3 moleeulea of sulphur dioxide into the tri- 
oxide, which, in the presence of water, forma the same 
number of molecules of sulphuric acid. But this is 
not all; for there will bo a residue of 2 moleciilea of 
nitric oxide produced in the above changes, and this 
gaseons product has the power of absorbing freely the 
oxygen of the air, becoming thus changed into nitric 
peroxide, a gas in which there is twice as much oxygen 
aa in nitric oxide, but which yet gives up this amount 
to sulphur dioside, again forming nitric oxide. This 
action goes on continuously, the samo nitric peroxide 
losing oxygen to the sulphur dicside oo\^ \(i ie.^jcia.>S. 

6 more from the air. Tlie TQ.Mi\uii. aa'tvaaa o^ "^^^ 
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several iii)>l«riale juet named inny be readily oxpreesed 
in three chemical eqaatione ; but the chemical change* 
which occur are more numerous, than it ia hero Beod^ 
to give : — 

(oO 2nNO, + 380, + 2H,0 = 3H,SO, + 2NO. 

(1) 2N0 + 0, = 2N0,. 

W 2NO, + 2eO, + 2H,0 = 2H^04 + 2NO. 

The nitric acid neoeBsary to start these changes it 
furniBhed hj moane of the action of a entail qoaotitf 
of previouBly-propared oil of vitriol upon some nitro 
OF sodium nitrate, contained in iron pots on the flooTS' 
of the burners or suspended in the gnseouB cnmntp' 
The quantity of nitrate coueumed may be diminished 
in several ways, and should not exceed 4 or 5 per o 
of the sulphur burnt, and may even be reduced as loir 
as 3 parts to every 100 parts of sulphur used. I si 
now briefly describe the actual process of the i 
fftcture of oil of vitriol from the materials just n 
tdoned. 

The gas from the sulphur or pyrites burners ia led 
first of all into a tower pncked with coke, through' 
which oil of vitriol {from the remotest lead chamber 
of the series of chambers) ia allowed to trickle. Thiil 
Boid is charged with nitrogen compounds, sucti s 
nitrons acid and nitric peroxide, and these are qoickljr 
removed from it by the action of the ascending current 
of warm burner-gas, charged as it is with abundance a 
snlphitr dioxide. Here it is that the great economy <^ 
the modern manufacture of sulphuric acid generally- 
takes place, since these valuable nitrogen coqipoundfl 
would not only have been left in the acid and have 
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teodered it impure, but would of course have been 
lost, BO far ae tLeir power of oxidizing further quan- 
titieB of sulphur dluslde wua ooncorned. Tlie de- 
nitrified ftcid from tho " coke scrubber," or " Glover 
tower," flows into a reaerroir, considerably concen- 
trated bj the passage of the hot gases through it, 
while these latter travel forward to the leaden 
chambers. These chambers are constructed of sheet 
lead supported upon a stout framework of wood. All 
tho joinings of the lead are made by simple fusion 
without the use of solder, while straps of lead ore used 
to keep the various parts of the roofs in position. Tho 
sis!e of the chambers varies greatly, but they have 
often a capacity of 50,000 feet to 100,000 feet or even 
more, those used with pyrites-burnors being larger 
than the others. Some chambers are 300 feet long, 
20 feet wide, and 15 feet high, and are divided by 
" curtains " or partitions of lead, so fitted alternately 
to the roof ond the floor that the burner-gases, the 
steam, and the air are compelled to pass under tho 
poof curtains and over those attached to the floor, and 
thus beeomo very thoroughly mixed. Where a series 
of small nndivided chambers exists, they are connected 
together by means of Icadon tubes. In order to afford 
a weekly yield of 10 tons of oil of vitriol, a chamber 
having the capacity of about 35,000 cubic foot is re- 
quisite. Whatever size or internal arrangement be 
adopted for the chamber, the further process of manu- 
&otare is pretty much the same. The mixed gases — 
air, steam, &c. — liavjng a temperature somewhere about 
200° Fabr. or 93° 0., te-fifii, ub t^QB&^ ^^AKSE^^^et^ 
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npon one another in the chambers, and condense i 
anlphnric acid upon the floors, which have been pre 
Tiously covered, to the depth of 8 or 4 inches, v 
weak sulphuric acid or with water. White crystala a 
complex constitution are now and then produced i 
the chambers, when the supply of steam is insnf 
fident. 

The oil of vitriol formed on the floors, or " chambei 
acid," should nut be allowed to bet^ome concentralel 
bejond the degree indicated by a specific gravity 
1 J times that of water, and ia oftoncr withdrawn whs 
its strength is but 1'35. Its state of concentratioii i 
ascertained from time to time by meanx of small li 
outlets from the chamber floors, known as " dripB," 
Chamber acid may be at once used without conoea* 
tratioQ in the preparation of nitric acid, sulphate^ 
of ammonia and soda and certain manures ; for u 
purposes, howovor, further treatment is reqniredi 
Before doacribiiig Buch treatment, I must return to 
the spont or waste gases of tlie lead chambers, a 
issue from the last of the soricB. They are led into a 
" Gay-Lussac tower " or " coke scrubber," where' t 
come into contact with concentrated oil of vitriol, t 
which thoy give up the nitric oxide and other nitro 
compouttdB which they contain. The nitrified i 
phuric acid thus obtained ia used in the " GloToi 
tower," already mentioned, for woflhing the " 
gas," It should be added, that the spent gases of the 
last lead chamber should consist chiefly of nitrogen 
nitrio and pemitric oxides, and a few per cents, t 
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Por many purposes in the arts and manafftctnreH, " 
tlie crnde oil of vitriol requires either concentration or 
purification, or both. Concentration, or the more or 
less complete removal of the eiecBa of TCater, may be 
oommenced in the shallow leaden pans, restiiig on 
plates or bars of iron heated directly by a fire from 
below. A less satisfactory plan consists in allowing 
the flame of a roverheratory furnace to play directly 
upon the suriace of the acid ; but in this method im- 
purities are introdnced, and some of the material is 
lost in the current of vapour and gas. The plan of 
throwing hot dry air throngt and over the acid has 
also been tried, but has not met with genoral approval. 
In leaden vessels the oil of vitriol may be concentrated 
until it has reached the specific graTity of 1'71, bnt 
beyond this point the metal ia rapidly dissolved, while 
sulphur dioxide is given off. Vessels of gliiss, or pre- 
ferably of platinum, are employed in the final stage of 
this process. Those vessels assume the form of re- 
torts or stills, and, if of glass, are bedded in rows in a 
Bsndbath and heated, not from the bottom, bnt at the 
sides. When sofScient water has been distilled, the 
remaining acid may be drawn off by a refrigerating 
siphon of platinum, or it may bo distilled over at a 
still hi^er temperature. Tho most concentrated acid 
possible is a liquid of oily consistence, excessively 
oorrosive, greedily absorbing moiBtnre from the air, 
and becoming very hot when suddenly mixed with 
water. At a temperatore of 60° Fahr., or IS^-S C, it 
has a specific gravity of 1'8'12; when diluted with 
water, its epecific gravity ii dimiiu^uA %V 'iioKi '«&K»t 
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shown in the following table, the temperatnro 
15° -5 0. 



80 1 -Tat 

70 I- 615 

CO 1-502 

50 1 ■ ay9 

Thooretically 256 lb. (or kilograms) of real 
phnric acid shuuld be produced from 100 lb. (or '. 
granu) of sulphur, but in practice there is nsuallj ft b 
of somewhere abuut 5 per cent, of the possible prodnoti 
I have before stated, that the chamber acid and the 
concentrated acid are imporo. In the latter, as met 
with in commerce, we always find lead and generally 
axsenic, the furmer metal being derived from the mate- 
rial of the chambers, the latter from the pyrites 
employed, this mineral seldom containing less than 
haK per cent, of that element, and often much more. 
Wben the strong acid is diluted with water, nearly all 
the lead comos down aa sulphate, while the purer acid 
may be siphoned oif and coDcentruted. The ars 
may be removed as Bulphide by the oetion of 
pburetted hydrogen or of barium sulphide upon 
add. Hydrochloric acid may also bo found in 
of Titriol, originating in the common salt with which 
the soda-nitre is often contamiuntt^. ffitrous com- 
pounds are likewise occasionally present. 

Sulphuric acid is usually drawn off into la^e 
globular glass vessels with short necks, known as car- 



inia^ 

a 

oil' 
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^H^ which are packed with straw in obiot haeketB. 
The corks may be protected from the acid by a pre- 
vious boiling in meltod paraffin, or by a coat of 
Bulphur. The carboys hold about 11 or 12 gallons of 
acid, weighing 175 to 190 pounds. 

TLo qnantity of oil of vitriol annually produced in 
this country, though already vast, is continually in- 
croftfiing. Much of that made is, however, not sold, but 
employed at once on the spot for the preparation of 
Bolts, acids, and manures. 8o at one Euperphosphate 
works near London, where bones and other phuepliatic 
snbatances are treated with oil of vitriul, the yearly 
production of this acid has often ameimted to no less 
than 15,000 tons (having the specific gravity 1-60). 
It ia believed that the total annual production of the 
United Kingdom is considerably over 100,000 tons. 
A small work will produce 150 tons each year, and a 
large work from 1000 to 4000. It may he broadly 
stated, that sulphuric acid plays a corresponding part 
in chemical arts and industries to that of iron in engi- 
neering work. 

In what I have said about oil of vitriol, I have 
described the two processes in actual use, vrithont re- 
ferring to other methods of making this acid which 
have been suggested from time to time, but which are 
not now in actual operation. One of these methods 
coneists in passing sulphur dioxide over platinized 
asbestoe, or over bricks which have been treated with 
blue vitriol or with chromium sosriuichloride, and 
then heated. Thus the SO^ is oxidized, and by sub- 
eequent union with water yields the deair^ wa.'^ 
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Aoother proooas consists in tlie reaction of sol 
dioxide, clilorino, luid wator ; onotlier in tbe mi 
ftCtioli of gypfiUm and li^ad chloride ; luid in a foni 
alumina, water, and salt cake are nuLde to intei^oct. 

IL HrDKoaHLORio Acid and Blbaohino Fowshi 

§ 1. Manufacture of SydrocJdoric Add.— Sat I 
years a great part of the hydrochloric (muriatic) a 
given off as a by-produpt in the nianufoctnre of b 
componnds from coumon salt, was allowed to t 
By the Alkali Act of 18G3, 95 per cent, of the i 
produced in the worka must be condeoaod, t 
practico it is seldom that 1 pet cent, escapes condt 
sation. The injury to farm crops and general v 
tion by the admisture of traces of this acid with t 
atmoBphere is very serious, and it becomes ii 
to watch very narrowly the apparatus, &c., of the w 
in which it is produced. The process of manufaotn 
is a simple one, and is thus conducted. When t 
aulphniic acid f specific gravity 1'78) is heated v 
common salt (sodium chloride) in cast-iron reto 
over a furnace, hydrochloric acid comes ol 
which may be at once passed through a coke scnibbc 
or tower in which water continually falls. The aeid g 
dissolves in the water, and thus the crude ci 
aoid is formed, A purer acid may be made 1 
the aoid gas into glass or stoneware vessels containi 
pure water, and plunged into a cooling tank, 
which escapes absorption in the first receivi 
ou to a scries of similar voBsels, and finally the residual ' ' 
gas is sent into a coke tower, as already desciibcd, or 
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a leaden chamber, where a fine spray of cold water 
coodesEes the last portion of the acid gas. As it is 
fonnd that about half the hydrochloric acid that can be 
made from a given weight of common salt comes oif at 
a low temperature, it is cnstomary in some works to 
divide the operation into two parts, performing the 
mixing and preliminary worming in one vessel, called 
the "decomposer," and completing the operation in 
another, called the "roaster," placed in a hotter part of 
the furnace. 

Commercial hydrochloric acid has a yellow colonr, 
due to ferric chloride (perchloride of iron), and often 
contains other impurities, such as chlorine, sulphuric 
Boid, and arsenioua chloride. When perfectly pure, 
ftnd seen in large bulk, it haE a pale greeniEh-yellow 
colour. It has a caustic sour taste, and gives oiT 
hydrochloric acid gas, which produces white fumes by 
condensing the moisture of the air. The strongest 
acid of commerce is nothing more than a saturated 
solution of the true gaseous acid in water, and contains 
more than hn.lf its weight of water. The following 
table gives the percentages of real acid contained in the 
watery solutions, having the undermentioned specific 
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The chief cwnsamptitMi of hydrochloric acid is in 
production of chlorine and ble*ching powder, m 
manafactnre of chlorides, in the prepftntion of glne i 
gelatine, in metallargjr. and in mvaj processes of 
chemical laboratory. It is almost oiclnsiyelf m 
by the process which I ha^e described, or by » 
identical method in which other chlorides, aa thoso 
potassium or magnesium, are sGbetitnted fcr aodiB 
chloride. It may, however, be raado in other waj^ 
for instance by the mutual action of common salt u 
eteom at a high temperature, or by the conjoint 
of sulphur dioxide, air, and steam npon commi»i boIL 

§ 2. Manufaclare of Ohlorine. — Chlorine and two 
three of its compounds &re very efie^^o in destroyiiq 
organic colouring matters and those injurious Tolatild 
matters which are given off during the decay of 
and vegetable substonceB, or Ihe poisoDS charactw- 
istic of special diseases. Kot only is chlorine useful 
OS a bleacher and disiufecttiiit, but it is employed in 
many nietalltirgiGa,l operations for the extraction aD4 
purification of metals. An example of this use may b* 
found in Miller's process for tongbening gold, by &» 
passage of a stream of chlorine gas through the molten 
metal, when the silver, antimony, &<i., are removed 
chlorides, while the gold resista the attack. Omng to 
its gaseous state and comparatively slight eolubility, 
chlorine is not sold except in certain forms 
bination, chiefly in the shap^of bleaching powder, 
whioh is at once the most portable, the most oconomioal, 
and the most effective bleaching and disinfecting com- 
pound of chlorine that can be prepared on a large 
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I shall, howGTor, horo consider, in the first 
place, the modes iu use for preparing chlorine itself, 
since tlda substanue furms the starting point of the 
mannfacture of hjeaching powder. 

Although many diflerent taaterials, containiiig a 
high proportion of oxygen, may be used to set free the 
ohlorine from common salt, or from potassium or mag- 
nesium chlorides, yet in practice the native blauk oxide 
of manganeao or " wad " is almost the solo material 
actually in uso for this purpose on a large scale. The 
other Bubstan CCS which have been proposed or used are 
certain chromates and nitrates, while in one method 
ordinary copper chloride was mixed with some sand 
and then heated jntil it had become converted into a 
lower chloride, giving off half its chlorine in the 
change. But, after all, the great improvements which 
have been effected in the process of making chlorine 
have not been in relation to the main materials of. 
the manufacture, but in their economical use and 
continued recovery for further operations. 

In Mr. W. Weldon's old process for the manufacture 
of chlorine— a process which is still worked largely- — 
the manganese ore is treated with common hydro- 
chloric acid in a still, and heated with a steam jet, when 
a partial neutralization only is effected, owing to the 
dilute condition of the acid. The oold liquid is then 
rtm into a well, when a. chalk cream, a mixture of 
calcium carbonate, and water, is added, until the free 
acid is neutralized and the iron and aluminum pre- 
sent are precipitated as hydrates along with some 
gypsmu. When the liquor has cleared itsa\t \q. ». 
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settling tank, it is seen to hare a faint rose colonr, 
now consists of two chloridoe, those of mangBne«e 
calcium dissulTed in water. With tlils Bulution tli» 
subsequent operations are conducted. First of all, it' 
is run into the " oiidizor," and heated by steam to ■< 
temperatnro of between 130° and 170= Ftthr. Then aiz 
is blown in, and at the same time milk of limo adde^ 
until the greater part of the manganese is not msre^ 
preoipitatod but oiidizod as well. The brownish-black 
mud which forms and sottlos, contains at first abonfe' 
2 lb. of black maoganeso oxido (dioxide) per oubitf 
foot, but soon becomes more compact and tvrico 
in that ingredient for the some bulk. This uoi 
mud is either stored, or else immediately run into a 
still by a shoot, and sulimitted to tho action of crude 
hydrochloric acid, when the reaction again occurs which 
took place on treating the crude ore with acid— 
MnO, + 4HC1 ^ MiiCI, + 2H,0 + CI,. 

Thus the manganese chloride is reproduced along 
with the desired product, chlorine, and ia ready to be 
submitted to the some treatment as before, and to go 
through the same cbtuiges. The only loss in the 
process is that of the portion of chlorine which com- 
bines with calcium in the neutralization of the liquors, 
but the manganese is not lost, while its continual re- 
oxidation is cheaply effected by the simple process of 
blowing in common air. The plant required to carry 
out this process is costly, but the operations are con- 
ducted without difficulty. The novelty and importance 
of Weldon's improvements in this earlier process will 
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justify a brief doacription of the various parte of the 
apparatus used in both his ByBtems, bo that the ecoaomy 
of the lator method may be better appreciated. In 
the first process, just: described, the Btill epokea of is 
constructed of silicioua atone, generally Yorkshire flag, 
and 18 built square. The augies are made perfectly 
water-tight by means of indiarubber cords, while the 
whole is banded outside by iron. There are several 
openings into this still, sucb as a man-hole hited round 
with clay, and used for tbe introductiimoftlie materials; 
a hole for the steom pipe ; and another for the india- 
rubber tube through which the acid flows. A stone- 
ware tup at the bottom of the still serves to draw off 
the liquor, while at the top there is an exit pipe of 
stoneware, for the delivery of the chlorine produced: 
this and other stoneware pipes used are frequently 
heated in tar and pitch before use, to prevent them 
&om crocking when suddenly cooled by rain, &c. 
The well, named before, is of cast iron, and is large 
enough to hold all the contente of the still. The 
"settlers" are likewise of iron, and arc from four to 
sis feet every way. The oxidizer is commonly a 
cylindrical iron vobsoI, 12 feet in diameter and 22 feet 
in depth; two iron pipes go first to tbe bottom of the 
oxidiaser : one large one, to supply the necessary air, and 
a smaller one for steam. 

I will now describe Weldon's new process, which 
effects a nearly complete saving of the chlorine in the 
by-products, as well na of the mangaucso. In order to 
eommenco operations, the manganese ore is heated with 
hydrochloric acid in a utiil, <i<nd Vj m£n.'c& «A. %\s»:s^ 
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Some qnantity of stroDg chlorine gas is tlins let fre^ 
but, of couTBo, tho romaindor of this element remaiu 
H3 mangaiiese chloride in the reeidaal solution. Thif 
liquor is then to be coinplet«l7 nontralJzed with nug- 
noBiiiiu carbonate (in tho fonn of magucsite), or elas 
with calcined mngneeia, and finally contains ths 
chlorides of manganose and inagnosiiun. If the soId- 
tion be boiled down till its temperature macheB 300° to 
320° Fahr., hydrochlorio acid will bugin to come o£ 
When this happens, it is to be run into the " doable- 
blind furnace," in one part of which it is lieated nutil 
dry, and in tho other the dry residue is piled np in 
thin cakee, the temperature being then raised to blood 
rednees. At the lower degree of heat, and so long %d 
water is present, hydrochloric acid is evolved; but w!mb 
the temporatnro is hotter, and air is admitted, tlieil 
chlorine itself is given off, and m^nesium manganite: 
mains behind. This eubstouco may be regarded as 
□ompoDud of magnosin and manganese dioxide, and 
at once available for use in the still a second tiia& 
r couree, the chlorine which comes off during its pro- 
duction in the furnace is not concentrated like that of 
the still, for it is diluted with the nitrogen of tho eax 
blown in, but, though weak, it may bo used directly 
r the pieparatitin of bleaching powder or potassium 
' chlorate. The hydrochloric acid evolved in the earlier 
I Btage of the process is condensed in a coke scrubber, 
I and the liquid product formed is subsequently used in 
I the reaction with the magnesium manganite. Thus, in 
I tho three forms of conceatiatcd chloiioe gas, of bydro- 
I ohloric acid, and of dilute chlorine gas, this new pro 
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la yields all the chlorine of the original hydrochloric 

acid used, save the amall quantity which is iaeyitably 

loBt tkroagh lenkEige and imperfections in the mode 

of carrying on the manufacture. There are BOToral 

complexitieB ia the process which conduce to this 

result. One of these is the mode of concentrating the 

weak chlorine from the furnace operations ahoye de- 

scrihed. It ia passed through two cofldenfiersor towers, 

where it comes in contact with millt of lime, and forma 

a solution of bleaching powder ; then, by the further 

action of chlorine, this solution yields calcium chloride 

and bypochlorous acid : 

CaCljO + H,0 + CI, = CaClj + 2 HCIO. 
Ble&chlng powder. HypovLLDidLia fccLd. 

The reeulting solution of calcium chloride and 
hypochlorite is best need by pumping it at once into 
the " ootagouB " (vessels in which potassium chlorate 
is made), where it is treated with potassium ohloride. 
Anodier mode of utilizing the liquor is to treat it with 
l^drochloric acid ia a still, when it yields chlorine: 
HCIO + HCl = 2 CI + H,0. 

The whole plant of Weldon's new process ia simple, 
easily managed, and comparatively ineipenaiye, and 
enables us to obtain practically all the chlorine of the 
hydrochloric acid used in an available form. One pre- 
caution is essentially necessary to success, and that 
oonoemB the temperature of the furnace in which the 
mixed chlorides are heated, in order to expel their 
chlorine. If the heat be too great, the chlorides fuse, 
and ihe lur which enters iae& not f«ia&\xBtA^a<b^^iu&. 
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maen, and bo tlie oxidation of tlie manganeae into 
dioxide is aireNted. It should be added, that the plant 
required for the Woldon improved process is ihe 
08 that for the old one, eo far as the still, the well, and 
tho settler are concerned. A deep caat-iron pot is also 
required (about tho same diameter as the well, bnt 
much deeper), for boiling the neutral liquor, and, ii 
addition, a kind of muffle furnace, with two beds or 
divisions qnite separate from each other, but capable 
of being put into conmiunication by means of a door 
worked by pulleys outside the furnace. The hydro- 
chloric acid produced in the process may be con- 
densed in coko scrubbers similor to those already 
described, but built of flagstones, or in stoneware pipea 
filled with porous sUicioua stones. The water for 
densing the gas is made to triclcle uniformly down- 
wards through pierced plates, perforated with holes 
one-eight of an inch in diameter, and plugged loosely 
with wooden pegs. To utilize the chlorine, scrubbers 
of similar shapo are employed, but they are made of 
lead and are empty, while milk of lime instead of 
water is made to flow through them. 

The following equations express the chemical re- 
actiona which occur in this new process of 1 
Weldon : 

To begin the working, 

(a) MnO, + 6 HCl = MnCIj -H 2 H,0 + 2 a + 2 HCl. 

(b) MnCl, + 2HCl + MgO=^MnCL, + MffC!,-t-H,0, 

Afterwards, alternately, 

fc) MdCIj + Mfe'Cl, + 30 (from air-) = ■MftlSaO, J^ ^.CV. 
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besides Weldon's havo come into iiBe 
for tho proparatiou of chlorine. Deacon's method con- 
sists in passing impuro hydrochloric acid gas (&om 
Boda mauufactaxo), mixed with air, over bricks soaked 
in bine vitriol, and heated to a temporatiire of about 
700° to 750° Ffthr.; not higher, at all ovonts, for then 
cnprio chloride is formed and vaporized ; while at a 
temperature of iOO" Fahr. the action ceases. Platinum, 
or green oxide of chromium, may bo used instead of 
blue vitriol, and with effect, but the process requiiea 
great care, and tho plant is both bulky and expensive ; 
while the chlorine made in this way is so much diluted 
with the nitrogen of the air used, that it is difficult t« 
make good bleaching powder with it. Practically this 
method does not yield nearly so large a ijunntity of 
ohloriue, &om a given weight of common salt, as 
Wdldon'a improved process does. Deacon has, how- 
ever, pat<!uted a second method, in which salt cake 
(sodium sulphate) and chlorine ai-e tho immediate 
products of the action of sulphur dioxide and air upon 
common Eult, but the reaction is by no means complete, 
uor is the process Eatisfactory, Many other methods, 
particularly as to the recovering of waste in the chlorine 
processes, have engaged tho attention of chemists, and 
been carried out by manufacturers ; each are Dunlop's, 
Gatty's,and Hofmann'e plans. In Eargreave's process 
ferrous chloride is heated in a current of air, when 
ferric chloride is formed and decomposed with evolu- 
tion of chlorine, and fijially, nothing but ferric oxide 
(rouge) left, 

Onoe or twicQ already in t\uB e.i\ac\ft\'\i«-iss vtitao- 
notice of the production oi \i\eiwi\iio.?,"eo'«^^'^-' 
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or " bleaoh," as it is technically termed. InTentiQl 
has not been directed to any etrikingly novel way a, 
manufucturiiig bleach, bnt rather to tho econmnical 
productiun of tho chlorine necessary to its formation. 
Bleaching powder was ordinarily made by exposing.' 
daked lime, spread in layers, not more than 3 inches 
deep, to the action of chlorine gas. The operation 
takes place in leaden or flagstone chambers, while tl 
lime is spread on perforated trays. But with weak 
chlorine, that is, with chlorine gas mixed with nitew 
gon and naeless gases or vapours, a depth of 3 inobt 
for the layers of lime is almost too great, the nnde^ 
neath portions of this earth escaping the action of I] 
gas. In Deacon's chlorine process a thin and greatiy 
eitendad surface of lime must be used, bo arranged that 
the gas stroager in chlorine shall pass over the nearly 
saturated lime, and the weaker gas over that which ifl 
fresh. Other methods of utilizing weak chlorine haVB' 
been deviaed. One of the best of these is Bramwell'a, 
in which a series of cylinders, containing the lime, ii 
BO arranged that the chlorine ascends through certoh 
cylindrical openings, made afresh from time to time in 
the mass of the lime present by means of the np-aud- 
down motion of a series of wooden rods. In Har< 
greaves' plan, tho lime itself gradually closcends in aa 
ascending current of chlorine. In tho production at 
bleaching powder, groat care must be tokou to prevent 
the material from becoming too hot, or tho action tooi 
rapid, for then calcium chloride and chlorate may b© 
the chief products of the operation. 

jhing powder is a white or yellowish-wMta 
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powder, somewhat moist to tiio tonob, and witli a ten- 
dency to cohoTO into lumpB. It cuntaine a variable 
proportion of unnttacked slaked lime and uf moisture, 
while, as to the aetive constituent of it, two views ore 
lield. According to one of these views, the true 
bleaching agent ia this prepuration is the compound 
known to chemists as calcium hypochlorite (hypo- 
chlorite, OF chloride of lime), which is associated with 
a single molecule of calcium chloride, the whole being 
thus represented : CaGl^O^, CaCl^. But according to 
the second and more probable view, bleaching powder 
does not contain any quantity either of calcium 
hypochlorite or chloride, but consists mainly of a 
chloro-hypochlorite, thus composed ; CaOl^O. It will 
be seen that the formula before given exactly corre- 
sponds to two molecules of this latter compound. It 
will be found that a good commercial sample contains 
abont 26 or 27 per cent, of available or active chlorine, 
the whole of which is present in the solution made 
by rubbing 1 part of the bleaching powder with 10 
parts of water. On filtering the mixture a residue of 
lime is left, and a pale yellow liquid runs through, 
endowed with powerful deodorizing, disinfecting, and 
bleaching properties, but rapidly decomposing by ex- 
posure to sunlight or to boat. Even dry chloride of 
lime, kept in tightly closed casks, has been known to 
decompose rapidly, and with such violence as to cause 
an explosion, oxygen gas being abundantly given olf. 
The bleaching and other properties of chloride of lime 
do not show themselves strikingly, unless the substauoe 
ia decomposed by an acid, Sieii &ei bbx\m\as. %e^ >£. 
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the air maj slowly cause the liberation of chl 
but it is more abundantly and rapidly eroln 
by the action of hydrochloric acid, in the followiii 

CbCI.O + 2HC1 = CaCl, + H,0 + Q,. 

The &ee chlorine thus generated appears iiBiially i 
Hct indirectly rather than directly in the bleaching ai 
other piirpoees for which it is used, liberating I 
oxygon of the water present by combining with i 
hydrogen. So bleaching by chlorine ii 
bleaching by oxygen. 

It is impossible to estimate accurately the amoimt < 
bleaoh now annually produced in the United XingdoB 
but in 1652 it was at least 13,100 tons, and in 186 
over 20,000; while more than 100,000 tons wen 
made in England, by Woldon's process alone, in t 
year 1874. This incroase is partly owing to the L 
provements in the economical production of chloriii 
which have boon lately effected, but more particnlAr^ 
to the enormous demand for chloride of limo, not <n^ 
for bleaching and calico printing purposes, but ol 
for sanitary uses. Nor must it be forgotten that t 
utilization of straw, Esparto grass, and other fibron 
materials for the manufacture of paper, involves a 
larger consumption of bleaching agents than w 
quisite when linen rags were the sole basis of the pulp 

The compounds known as chlorates are so intimate^ 
connected in their origin with the manufacture ( 
chlorine and bleaching powder, that a few words h 
reference to them may he ajijropriately introduce 
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in tluB place. If 1 molecule of potaBsium chloride be 
dieBolved in water, and then 3 moleculea of calcinm 
hydrate (slacked lime) he added, on the passage of excess 
of chlorine gas and the maiatennnce of a temperatnre 
not lower than 60° C. (140°F.), the following reaction 
enBne9 : 

KCl + 3CaH,0, + CI, = KCIO, + 3CbC1, + 3H,0. 

In actual practice, the following plan of working is 
adopted. The chlorine gas, made in one or other of 
the ways already descrihed in the former part of 
this article, and either strong or diluted with nitrogen, 
&a., is passed into a vessel containing milk of lime, kept 
at a sufficient temperature either by the heat of the 
gas itself or else by jeta of steam. When the lime is 
satUTftted with chlorine, the mixture is run off into a 
settling tank, which is lined with lend. Subsequently 
the clear liquor is drawn off into evaporating pans of 
lead, where it is boiled down until all the chloride of 
lime present has been transformed into calcium chloride 
and chlorate. The next step consists in adding to the 
strong solution exactly that quantity of potassium 
chloride, which shall be adequate for the conversion of 
all its calcium chlorate into potassium chlorate. About 
1 part of potassium chloride is employed to every 3 parts 
of lime taken. It should be added that waste, weak, or 
damaged bleaching powder forms a convenient material 
for use in this mannfactnre in lieu of the lime. The 
change which calcium chloro-hypochlorito undergoes 
on being heated as above described is thus written : 
BCaCJjO = 5 CaCU + Ca tOlO,!,. 
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FotaBBinm chlorate affords a convenient material $ 
tlie prepuratiou of oxygen gas, as it ie resolved i 
that element and potueeium clilorido when. ' 
above its fusing point. A mixture of 10 partB of C 
salt and 1 part of perfectly dry ferric oxide (ro 
gives off oxygca at a comparatively low temperatni^ 
and with great eaec. One grain of this mixture jielcll 
about 1 cubic inch of oxygen. The other uses of ihl 



chlorate of potasBium are for oxidizing (as 
printing), for pyroteehny, for the preparation 
fuse mixtures, ond for the jiroduction of aniline bla 
Some of the other chlorates may be employed in firt 
worke, the barium chlorate burniog with a splendij 
yellowish-green colour. 

HI. — Aqtiafobtis, OB NiTRio Acid. 
Nitric acid is obtained, like hydrochloric, by i 
decomposition of a saline compound by means of oil o2^ 
vitriol. The manufacture of this liquid presents m 
lees difficulty than that of sulphuric acid itself o 
of hydrochloric acid, bat owing to the ( 
scarcity and costliness of the nitrates which form t 
basis operated upon, the cost of nitric acid is higher tl 
that of the two acids just named. Nevertheless it i 
largely nsed in many industries, as in dissolving n 
(such as silver), whereby metallic nitrates are formedl 
in oxidizing certain metals and even non-metals (en 
as sulphur in the oil of vitriol manufacture), and aa i 
discharge in calico-printing ; while of late years t 
acid has been nsed in vast quantities for the prepam 
t a Eories of compounds known to cliemistHl 
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"nitro" Bubetitntion products. Theeo Bubstances in- 
clude — (1) nitro-beiizol, nitro-toluol, and nitro-naph- 
thalin, whicli conetihitD the main materials &Dm wMch 
tLe BD-called coal-tar colours originate ; (2) guncotton, 
or tri-nitro-ccllulose, and nitro-glycerine ; (3) picric 
acid, a nitro-deriTative of catholic acid, &c., much used 
for dyeing silk yellow. 

Nitric acid is usnallj prepared from Bodium nitrate 
(nitrate of soda, or Chiliaii ualtpetre), a compound found 
in large quantities in Peru. Wten distilled with oil 
of vitriol, the nitrate is decompoeod, sodium sulpbato 
remaining behind, and nitric acid coming over. Retorts 
of iron or of glass are need, while the condensing and 
receiving vessels may be either of glass or stoneware. 
One molecule of sulphoiic acid reacts npon two of 
nitrate thus : 

IL,SO. + 2NaN0, = NajSO, + 2HN0,; 

thns 98 parts of the acid are nsed to 170 of the salt (or 
&8to 100), If twice as mnch acid be used, the reaction 
IB very violent and the lower compomids of nitrogen are 
formed largely, so tbat a good deal of the nitric acid is 
decomposed and lost, while the dietillHto is coloured. By 
mixing 100 parts sodium nitrate, 117 parts oil of vitriol, 
and 30 parts water, a crystallized acid sodium sulphate 
remains behind, and a colourless acid distils over. As 
the nitrate nsed is seldom completely rchntd, it containa 
2 per cent, or so of common salt, and thus the earlier 
portions of the distillate are usually contaminated with 
hydrochloric acid, or, rather, with thloime If the va- 
pours first evolved be condensed la oc« at^. <sl taoXja^,, 
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and thou, by means of a two- or three-way oook, ti 
Bubseiiiucnt vapours be diverted into aiiother set t 
condensers, the purer acid nmy be obtained separotc^J 
and quite free from chlorine. Silvor nitrate ebon 
produce no cloudiness in this odd. This test may I 
applied, in order to ascertain when the impure acid h 
all come over ; the last portione should also be coUec 
apart, as thoy nre sure to bo contaminated i 
lower oxides of nitrogen. Saltpetre, or potosaiid 
nitrate, may bo UBed in lieu of the sodium salt, but M 
is more costly, gives leas nitric acid for a given weigU 
of salt token, and demands the >use of a molecale at-M 
sulphuric to ench molecule of nitrate. On the otb 
hand, plans have been devised for employing substitufd 
for sulphuric acid in the mannfactnre of nitrto a 
Several sulphates, such as those of zinc and mangauea 
when heated with nitrates, decompose them : 
manganese dichloride, and several other Babstaooea hatftfl 
been employed fur the eamo purpose. Bat the old 
processes which I have described are by far the b 
when care is taken to separate the leas pure acid whiJ 
comes over during the beginniug and at tlie close i 
the distillation, and when an improved mode c 
densing the vapours is adopted. In ono of these plaiitl 
a kind of battery of stoneware carboys is employed, I 
arranged (partly in vertical columns) c 
impurities, to effect complete condensation, and to m 
continuously with but little attention. 

Pure nitric acid, HNOj , i; 
fuming liquid, which boils at 86° C, and baa t 
spec, grav, l'53at 15° C. Ordinary nitric acid o 
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30 per Mnt. of water, has the fommla 2 HNO3 , 3 H2O, 
boils at 123° C, aud is of spec. gray. 1-42 at 16" C. 
The anneiucl table gives the percentage of real acid, 
the specific gravity, the boiling point, and the degrees 

Mid: 




Percent. 


SpH:iac 
gmvily. 


DegtHS 


JtolliflK 




IftO 
90 
80 
70 
60 
SO 
10 
3D 


r53 

l-« 
1-40 
1-43 
1'37 
1-32 
1-25 
1-19 


106 
98 
92 
84 
74 
64 
50 
38 


86^ C. 
100 „ 

114 „ 
123 „ 
118 „ 

115 „ 
110 „ 
107 „ 


Borne idea of the quantity of nitric acid manufactured 
in this country may bo gathered from the annual 
imports of saltpetre and cubic nitre, although a con- 
after simple refining, for other purposes, euch as the 
.manufacture of gunpowder, the curing of bacon, and as 
manure for com and grass crops. Of Chilian nitrate 
the imports during 1872 amounted to 83,000 tons, and 
in the fiist half of 1873 the imports at Liverpool alone 
were not lees than 29,000 tons. There were also im- 
ported into Liverpool, 814 tons of saltpetre during the 
first half of 1872, and 013 tons during the correapend- 
ing period of 1873. 

It ia greatly to be desired that some practicable method 
of combining the nitrogen of the ait with K^jActy^ea-iWi 
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as to form ammonia, conld be dovised ; a reaction of 
the same kind capable of yielding nitrates would 
perhaps be still more desirable. At present, onr power 
of making sueli componnds artificially from their ele- 
ments can be accomplished only at great cost, and in 
the form of curious and difficult laboratory experimenist 
We do not even understand the conditions under which 
the native nitrates of the South American, African, 
Indian, and other great nitre beds of the world are 
formed. The price of the alkaline nitrates has risen 
greatly duriug the last few years, and still shows an 
upward tendency. 



THE MANTIFACTTJEE OF ALKALIES ASD 

ALKALINE SALTS. 



I, POTAHSIDM AND ITS COMPOUNDS. 

The very Dame of potash suggests the occurrence of 
this auhstance in the ashes of wood used as fuel. 
Chemical analyaiB shows, indeed, that the propOTtiou 
of potasdam compoundB in the mineral residue or ash 
of land plants, though varying under different condi- 
tions of Boil, species of plant, part of plant, or Btage of 
its growth, ia yet always very considerable. Eyen in 
many seaweeds the proportion of potash exceeds that 
of soda, though the sea-water from which thoy derive 
both these constituenta is nearly ten times richer in 
sodinm cempounds than in those of potassimn. But 
as the sources of the potash of aU kinds of vegetation 
mnst be looked for in the mineral kingdom, we should 
expect to find some compoonda of this substance in 
the earth's crust. On the other hand, as plants form 
direcUy or indirectly the sustenance of animals, these 
letter mnst also contain potassium compounds. It 
will be convenient then to consider the sources of 
this alkali and its compounds in the following order: 
* mineral, vegetable, omioal, 
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MtnertU Smreet of Poliuh. — At the present d»y Ibi 
mineral soarees of potsssiniu Baits must be regarded 
as TOOflt important. The occmrence of these < 
ponnda in Bome salt mincB is a diecoveiy of recent 
date, faiit haa already created a most eitonBive i 
fitcturing induBtrj. At Stassfurt, in FruEBJa, mtnatei 
Bcmo twenty kilometers from lUagdeburg on the &ontiw 
of the Duchy of Anhalt, at LcopoldBhall, and at Kalac^ 
in Hungary, a serieB of potassic layers oconrs aboTS 
the rock-salt proper. For a long time these npp^ 
layers wore not known to he of any value, and 1 
called abraumsah, or "salt to be got rid of;" bat ftt 
the present time (over twenty years huTing elapsed 
since their nature was discovered) the quantity i 
potaBli salts extracted &om them at Stassfurt aloin 
amounts to double the quantity of common salt o 
tained from the same mine. These potassic layers K 
however, of rather complex and variable character, K 
contnin largo qnantities of magneainm and sodinm c(u 
poonds, which have to be separated by special process 
It is interesting to note that the evaporation of at 
water gives in BuccesBion a aerica of aalts which i 
most particulars are practically identical with 1 
occurring in the Stassfurt and similar salt m 
Arranging these latter componndB in the order ( 
their successive deposition, we shall have the fblloip 
ing series : 

Upper layer : sylvine, tachyliydritc, borodle, cnmallite. kainiti 
Beoond „ nwk-salt, vUh some kieserite and CHmnllite. 
Third „ rock-salt, with veina of polylialite. 
Lower „ rock-salt, ivith Teioa of karelenitQ. 



r 
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merals, there are only tliree which claim 
particnlar notice from our point of viow. These are 
ejlvine, or potaasium chloride (KCl) ; camaUite, or 
hydrated potasflio-mftgueBic chloride (EMgClj, 6 ac[.)' 
and kninite, which does not appear to he a distinct 
spocisB, hut generally contains about 36 per cent, of 
potsssiimi sulphate (in cnmmercial eamplos we find 
25 per cent, to 28 per cent, of this salt), 25 per cent 
of magnesium sulphate, 19 per cent, of magnesium 
ohloride, and 20 per cent, of water. The sylviuo op 
potaBsium chloride, when it occurs in sufficient amount, 
roquireB little or no treatment to fit it for use beyond 
recryatallization from water. The camaUite, on the 
contraiy, not only contains a large quantity of mag- 
nesium chloride, but is bo deliqucBcent on that account 
that it could not be conveyed from the place of pro- 
duction or eiportcd without great loss through lique- 
faction. For theBo reasons it is submitted to a purifying 
procesB, which is conducted as follows : 

To every 4 parts by weight of carnallite there are 
added 3 parts of the liquor resulting from the washing, 
or recryetallization, as the case may be, of the crude 
Bjlviue mentioned before. The solution of the carnal- 
lite is effected by means of superheated steam, and the 
vesselB used often have a capacity of twenty tons. The 
Bteam, at a pressure of about 2 atmospheres, is ad- 
mitted in such a way as to assist in the mingling of 
the whole mass with the water, while a powcrfnl stirrer 
effectually accomplishes this result. The solution thus 
obtained, after three hours of agitation and blowing in 
of Bteam, is allowed to settla ior t'flO i^^a, sw^i- 'Oos^ 
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forced into the crystallizing tanks, where it is made to-' 
yield, by cooliog, crope of coaree-grained crystals of^ 
orude chloride of potaBBinm, containing 70 per cent, to- 
80 per cent, of that salt after having been once washed. 
By repeated washing, and, of course, more completely 
by reorystallization, the purity of the product may ba 
raised to 90 per cent. It should be added that mnoh 
of the original conuillito remains undissolved or but 
slightly altered ia the Arst tcsecI in which the minsrtd 
was steamed, and is submitted in its turn to a repeti^ 
tion of the above process. From the mother liquors 
of the main crops of chloride of potassium, and froia 
the wash-waters, further quantities of crude chlorite" 
are obtained by evaporation, &c. 

Kainite is the third potash mineral fonnd in th&-< 
abranmsalz, which needs notice here. It is a diy, 
transluccBt, cryBtolline, straw-coloured substance, and- 
has no tendency to deliquesce. Sometimes it is roasted 
to dry off the 20 per cent, of water present; bnt 
frequently it ia exported in its native state, partly for 
use as an artificial manure, partly for the manufactuia 
of pure sulphate of potash. Loopoldshall kainite, con-r 
taining about 25 per cent, sulphate of potash, is sold 
in London at dl. the ton, and in Liverpool at 21. lOg. 
The quantity of potash salts raised from salt mines is 
enormous — Stassfurt alone giving over 100,000 tons 
in one year. 

Another mineral componnd containing potash is- 
known as orikoclate, the common or potash felspar* 
This, however, is a most intractable mineral, for, uit- 
like the Stasgfurt salts, it is quite insoluble in wator, 
and has to be submitted, dt a \orj lai^ tem^TOlwji.«>,'«k, 
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3 action of a laixtare of chali, slaked lime, and a 
little floor Bpnr, before it can be roftde to yield up its 
alkali. But the discovery of numeroas otber sources 
of potoslL has withdrawn attontion &oin this mineral, 
and it would not pay to treat it, bo long as other 
supplies of potash salts remain as abundant as they ore 
now. Theoretically, potash felspar should contain 16' 9 
per oeut. of oxide of potassium ; not more than 12 per 
cent, to 14 per cent, is actually present however, the 
remainder of the aUcali in it being soda.^ 

Nitre, saltpetre, nitrate of potash, or potassium 
oitrate (ENO,), is an important substance, not so much 
on account of its being a potash salt, but on account of 
its being a nitrato ; it may, however, be conveniently 
mentioned here. Its claims to be regarded as a trne 
mineral are dubious, for it is generally formed ia the 
presence of the debris of organic substances. 

Nitre occurs in certain soils in Hiudoston, Ceylon, 
Algeria, South Africa, Egypt, Persia, and Ecuador. A 
dry climate, and a hot season followed by rain, favour 
its production. The natural sorts usually contain other 
alkaline and alkaline-earthy salts, as well as the nitrate. 
And in some places the native nitre is in reality a 
nitrate of lime, not of potash, or a mixture of both these 
nitrates, and requires to be treated with wood ashes 
before it yields the true salt. The conditions under 
which the formation of nitre occurs naturally have 
been imitated in the artificial orrongementa for the 
production of that substance known as nitre-gardens.* 
Much porous calcareous matter, a decomposing fel- 

• Itl» itaXsd that during thePMiMQ-QiBimKQ.Nret^WSs'wiM. 
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Bpatbic rock, a moderate amoiint of moiBtnre, a liigb' 
temperatore, and plenty of vegetable and animal refiis^ 
encb are the chief points to be attended to. WlietlieF 
occurring naturally of prepared artificially, the nitrfr- 
rontaining earth or compost is anbmitted to the 
serioB of processes. These are (1), extraction 
cold water ; (2), addition to the s<jlntion tlraa obtained. 
of a liquor containing enough potash to chango calcinni 
and maguesium nitrates into the potassium Halt, tho 
liquors used for this purpose being obtained from wood 
ashos, or from some of the other sources o 
carbonate named in this article, potassium solpbats 
being iBed occasionally when no magnesium 
pounds are present, or where they have been previonsly 
removed &om the nitrons liquor by means of lime: 
(3), concentration and crystallization of the weak 
nitre solution prepared as above; (4), purification <st 
re&iiug of the first crop of crystals by recrystalliza- 
tion. In purifying saltpetre, advantage is taken of ito 
much greater solubility in hot than in cold watei!, 
while the accompanying salts do not show 
a difference. A very ingenious plan of making potaah* 
nitre from the more abundant Chilian or Peruvian 
nitre, has indeed been founded on this fact. First at 
all, the corrosponding or equivalent quantities of com- 
mercial soda-nitre and commercial chloride of 
sium are dissolved in water, the latter salt being madS 
to dissolve completely before the nitrate is added. ] 
the aid of heat the liquor is concentrated to a e 
gr. of 1'5, while the common solt which separataa 
eoD^uollf ladled out, the drauun^B ajul woab-watc 
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1 it being, however, contimioTisly returned to the 
caldron. When the common salt ceases to separate 
freely, and the liquor Htill ehows the sp. gr, named 
above, it will contain about one-fifth of its weight of 
Baltpetre. On being allowed to cool somewhat it will 
deposit a small fartbor crop of common salt, which, 
forming gradnally, will carry down many impnrilieB 
and clarify the liquor. The mother liquor ia loft to 
oryatallize in shallow pans, the crystals being first 
washed with cold water, and, in some cases, then re- 
cry BtoUized, All wash-waters, &e., obtained in these 
operations are saved. The reaction which occurs in 
the ooQvereion of soda into potash-nitre ia thus ex- 
pressed obemically : 

NbNO, + KCl = KNO, + NnOl, 



Vegetable Sources of Fotath. — Formerly the vegetable 
Bources of potash were not merely of great importance, 
but were practically the only ones to which recourse 
was had for this valuable alkali. Now tho mineral 
supplies of potash and its compounds have reduced 
the manufacture from the ashes of plants to compara- 
tive insignificance ; indeed, in many districts it has 
become extinct, while in others it is still produced as 
a by-product in the preparation of iodine, &c. The 
chief remainiug places of manufacture arc situated in 
those conntries where considerable tracts of forest 
land still exist, as in many parts of North America, in 
Bussia, in Germany, and in Siveilon. But forest treoa, 
tbough the moat abundant in quantitj, 8.1a ttifc ^wre'a^ 
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^^^1 in the proportion of potoah which the; contain, as the.l 
^^H following table ehowe. 1 
^^^H One thaasand parts of the nnder-named vegetable, fl 


^H s«tn.»». 


PolMll. 


^^^ Beet molBBses 

TobBcy»plani 

Potato flkins 

_ DiitchniHh 

1 reraa 

^■. Sedgei 

^^B Mi.lt du»t 

^^H Foppj-aeeil cake 

^^^B Hoppknt 

^H Linseed cake 

^H Flai plant 

^^1 TineB 

^^H Wheat grain 

^^H Elm 

^^H Oak (brancbea aQd bark) 

^^B Beech leaves (55 per cent water) .. 

^^H Aah wood 

^^^1 Beech wood 

^^B Oak leaves (60 per cent, water) .. 

^^H Oak wood (tmn^) 

^^^H Pine and fir wood 


93 
108 

67 
201 

59 

70 

60 

74 
5S 
32 
23 
18 
25 
10 
31 
12 

6 
20 

5 

2! 


66 
S4 
48 
27 
S5 
23 
21 
20 
19 
18 

1* 

1 


^^^1 of various plants being richest. fl 
^^H When the vegetable matter has been bnmt, either oin 

^^^1 false bottoms seiving as filters, with tups below, and B(^| 
^^^1 arranged in series that weak IjeB come in contact wi^^| 
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to one-fourtt their weight of ealine matters. The lye 
is now boiled down in shallow pans of cost iron, the loaa 
by evaporatioa being made up by fresh additions of lye. 
Finally, the liquor becomes so concentrated that it 
Bolidifies on cooling, and is then fonnd to contain abont 
12 per cent, of water with somo alkaline sulphates and 
chlorides, but it consists mainly of potassium carbonate 
(carbonate of potash, K9CO,). This material goes under 
the name of " potashes." Potashes may be refined 
into " pearlashes," by being heated strongly in a 
reverberatory furnace, or a muffle furnace, until the 
carbonaceous impurities htiTo boon burnt off, and of 
course the whole of the water removed. The salt, 
when colourless, is removed from the calcining hoartli 
to the cooling hearth, and then broken into lumps, and 
packed tightly into well-made coske. This process, 
however, though concentrating the crude product, and 
improving its appearance, yields a product which is 
far from pure, while some of the beet pearlashes of 
commerce, which have been more completely purified, 
present a very different composition. Potashes pre- 
pared OS above described, are found to contain from 
40 to 78 per cent, of real potassium carbonate, and 
&om 13 to 20 or even iO per cent, of the sulphotes. 
Kow, by a more careful lixiviation of the ashes, by 
decautation Irom the sediment, and by a kind of fraC' 
tional crystallization of the concentrated lye, most of 
the potassium sulphate may be separated. 

A oomparatively new vegetable source of potash 
compounds has been tamed to account of late years. 
The Taat development of the beeVHo^u \a)i>a£Nr3'\^B& 
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drawn attention to the various waste products of t! 
mannfacture. When the juioe cotitainiug tlie 8n| 
has been extracted &om the roots, we have to d 
with a Bolntion which contains something beaide( 
sngar and water. After it has been olarilted, and t! 
crjstallizahlo sugar extracted, the remaining lic|iior U 
permitted to ferment, that the uncrystalliKahle h 
may be turned into alcohol anil so utiliiied. Bat itt 
the stills there will jet remain a waste liquor, and il 
is in this that abundance of potaBli Gaits c 
evaporating this liqaor in a long trough, divided m 
into an evaporating and a calcining section, a salt i 
finally obtained, conEisting of a mixture of j 
chloride, sulphate,' and carbonate (togethei 
per cent.), with insoluble matter, and a good deal fi 
sodium carbonate. The potassiam carbonate fon 
about one-third of the weight of the calcined maes, oi 
arises in great measure from the destruction, durmg t1 
calcining process, of the potassium oxalate, tartrate 
and nitrate which occur naturally in the beetroot, am' 
consequently, in the liquor from the stills. Tl 
crude calcined potash BoIts are disposed of in differei 
manners in differeut places. Sometimes they ba 
turned into nitre, but often they are submitted 1 
processes of purification, by which the chief ealtl 
present are separately obtained. By dissolving 1 
mixtnre in hot water to a sp. gr. of 1'26, and alloil* 
ing tho solution to cool, potassium sulphate, 
companicd by a little sodium carbonate, crystaUizsl 
out. Tho mother liquor from this salt, concentratec 
to a sp, gc. of 1-41, gives another crop of ciysta] 



w 
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Rmilar to the last, liut licheT in. the carbontite. After 
this crop has been removed, the liquor is allowed 
to cool to 30° C, when potaeBium chloride Beparatee. 
Subsequently, oropa of Bodium carbonate, and of ft 
mixed potassium and sodium carbonate, are sncces- 
eively removed. 

In wine-pTodQcing countries mnch potash was 
obtained from wine lees, and from the crude argol, 
deposited as & crust in wine casks. Most of this is 
now employed for the manufacture of tartaric acid ; 
one English firm alone annually using about 700 tons 
of argol and tartar for this purpose, besides a large 
quantity of wine lees. The potash salts might be saved 
as by-products in the manufacture of tartaric acid, 
but this is not always the ease ; still the firm alluded 
to above turns out per year about 200 tons of potassium 
Bulpbate (of 90 por cent.) derived from tartar. Wine 
yeast, when dried, also yields some potash as carbonate, 
corresponding to about 10 per eeut. of its weight. 

The ashes of murine plants were ouce of great 
value as sources of potash and of soda. Early in the 
present century the production of kelp in Scotland 
exceeded 20,000 tons per annum, while the value of 
a ton of Highland kelp was then about 20i. The 
introduction of Leblanc's process for turning common 
salt into other soda compounds has destroyed the value 
of kelp as a source of sodium carbonate, and now those 
ashes are worked only for iodine, and, incidentally, for 
potassium salts. The manufacture is chiefly confined 
to some districts of Scotland and of the west coast of 
Ii^and, and is still generally conducted m & «Effii«.-«H»a>^. 
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rough and wasteful faBhion. Mr. E. C. Stanford iaaf 
however, devised an ingenions method of distilling; 
instead of boniiiig the eenwocd, and hie proceea thnff 
not only avoids loss of iodine, but affords the means o 
obtaining many additional products of value, inclndin^ 
acetic acid, paraffin, illuminating gas, and e 
Other improvements (as of washing the weed wi4 
water, &c.) have boon suggcBted or occasionaUy adopted j 
bnt the following plan of merely burning the ooUeotflj 
and dried seaweed is that generally in nse. 

The weed, collected or cut in the summer months, il 
bnmt on the floor of hearths or open kilns, about 14 feet 
in length, by 2 feet in breadth, and 1 foot in depth. Thfli 
cheapest vegetable refuse locally obtainable is used ■ 
fuel to start the burning of the weed, but the combus* 
tion is not allowed to become too active. Aitex gi 
aix or eight hours, the porous ash is heated motfi 
strongly, till it partially fuses down to form a kind o 
" floor." These operations are repeated with i 
charges of weed until several such floors have e 
cumulated. Tinally, the whole hot mass is split n 
by throwing cold water upon it, and tho fragments ft 
then removed, packed, and sold for purification else- 
where, or arc treated on tho spot in the following way j 
The crude ash from the hearth is broken up and placed 
in vats, where it undergoeB extraction with water, mucb- 
in the Bame way as the crude potoshes from land plant^ 
previously noticed, the insoluble residue being sold t 
glass manufacturers, or employed as manure (it contaim 
hotb alkaline salts and phoBphatee). Tho liquor i 
&en eropozvted mitil a. ccop of impme potaasiiB 
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sulphate crystals is first obtained : on cooling and 
Htanding, crude potassium cliloride falls. Afterwards, 
on again being boiled down, a series of sodium ealts 
separates, and then, on cooling tbe motber liquor of 
these, a second crop of potassium cbloi'ide falls : 
further concentration and subseq^uont cooling produce 
the same results again. In the final mother liquors 
the potasBium iodide still remains in solution. The 
value of kelp, not mciely so far as legards its iodine, 
but also its potash, depo&ds partly upon the mode of 
preparing it which has been adopted, and partly upon 
the nature of the eoaweed from which it has been 
obtained. Different species of seaweed vary much in 
their percentage of potassium compounds, the ash of 
Bome sorts containing twice as much as that of others. 
A ton of kelp may be worth 91., or less than 31. 

Although seaweeds often contain moio potash than 
Boda, it must not be supposed that the sea-wator from 
which they have derived both allraliea contains nearly 
as much of the former alkali as of tbe latter; 10,000 
ports of sea-water will contain about 2G parts of potas- 
aium chloride and sulphate, but not less than 210 parts 
of sodium chloride. Still on ingenious process has 
been devised by Balard, and improved by Merle, by 
moans of which the separation of these comparatively 
small proportions of potash compoimds con be effected. 
In the maritime districts of the south of Prance, this 
process is conducted in what are known as " salt- 
gardens." In these, by an alternation of concentrations 
and refrigerations, common salt, sodiiim sulphate, 
uti£cial oamoIUte, and othei compovaidA »x^ fioi^ 
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oeBsively dopoeitod. The chief prodncts of these salt^ 
gaidoHB, besides common salt, fianlly take the fonu 
of potassium chloride and sulphate, mngneaium Bnlplutt*. 
or Epaom ealts, eiidium sulphate, and a roeiilnol mother 
liquor, from which bromine may bo obtained. 

Animal Soiirci-s of Po((w/i.— Attempts have bsoQ' 
made, chiefly in the south of Franco, to ntilize ftfr; 
potash componnda contained in the yelk of sbeef^' 
wool. It was foiuid by MM. Manmene and Bogelstje, 
that an avenigo morino fleeoe contains an amnimt of; 
potaasium cq^ual to five onncee, or even more, of m( 
potaeb. By the collection, evaporation, and ineiiti 
of the waters in which such fleeces are washed, 
quantities of potash salts might be recovered for 
in agriculture as manure, or for ordinai'y applical 
in other arts. The wool of English breeds of 
however, is much poorer in yeUc, and yields but 
small fraction of tho above-named amount of potash. 

In the account just given of potash componnds, 
have not entered very minutely into tho processeB fcg" 
which perfectly pure products ore obtained, althon^. 
these are sometimes manufactttred in this country on » 
very large scale. Especially is this the case mtlt 
potassium carbonate, which is much used in a pure, of 
nearly pure, condition for the manafnctnro of the 
tdnda of colonrlces flint glass, and for the preporatiatLj 
of Bome ef those other salts of potassium which an* 
nsod in medicine and the arts. American peorlaah ia- 
tho chief material employed in tho preparation of thff 
pnre carbonate. It is mixed with some clfian sawdust, 
and then incinerated on the hearth of a reverberatai^ 
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furnace. Tte fused mass, after cooling, is eiLanstod 
with water, the clear solution decanted from the in- 
soluble reeidne, and again evaporated and incinerated. 
These procesECB arc repeated a third and a fourth time ; 
only previous to the final evaporation the liquor is 
concentrated till the pottiEGium snlphato has fallen as 
a crjetalline precipitate. From the final mother liquor, 
by further concentration, a crystallized hydrated po- 
tassium carbonate may be obtained, and it is this salt 
which, by strong heating, yields a nearly pure, dry 
product. From it may also be made the best kind of 
another compound now largely manufactured in Groat 
Britain, namely, caustic potash, or more correctly, 
potassium liydrate (KHO). A word or two about tliia 
useful substance may be here introduced. It may be 
prepared directly from potassium sulphate, chalk, and 
coal dust, by strougly heating this mixture, lixiviating 
the mafiB with water, and evaporating the clear liquor ; 
or it may be made from- crude or purified pearlash, by 
cftusti^ng these products with fresh-slaked lime, 
decanting the caustic potash liquor from the calcium 
carbonate thus formed, evaporating it, and removing 
the impurities as they separate. Finally, the concen- 
trated liquor is dried up, the residual caustic potash 
fiued, and cast into blocks or sticks in metal moulds. 
It may be whitened by blowing air through the fused 
BubBtonco, or by adding a little nitrate. The product 
U a far more powerful caustic and detergent agent 
I the carbonate, but is applied t^ many uses for 
which the latter salt ia not appropriate. 
, tba statistics of the ptoductiou ol ^(Au^ v;^^ «s^ 
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the trade in thGm, both British and foreign, Jfre diffionlt 
of collHctioD. I liuve already given a few fignres 
relating to tliis industry, and now add some others. 
In 1867 wo imported 10,730 tuna of crude saltpetre 
(potassium nitrate), chiefly from Bengal. The imports 
of poarlasheB and potashes into the United Kingdom 
amoiutcd to 7189 tons in 1865, must of these materiftla 
coming from British North America ; hut some &om 
other countries, as Itufisia, where the total production of 
potashes is not leas than 11,400 tone per annnm. The 
production of saltpetre in Germany in the year 1872 
reached 5311 tons, while the immense quantity of 
506,420 tons of the native crude potash salts (of 
Stassfurt) was then worked up in that country in 
thirty-three fikcteries. These half million tons yi&ldeS 
50,000 tons potassium chloride, G2,500 tons potasb 
salts for manure, and 'iSOO tons of potassium solphata 
and carbonate, and largo quantities of other salts. 

I have been compelled, owing to the necessity of 
compression, to select a few typical potassium Gom->' 
pounds only for discussion, leaving out of couaideiation 
many of great importanco in the arts, such as pol 
alum, potassium dichromate, and the iodide. 
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It would be difficult indeed to eiaggerate the im- 
portance of the Boda manufacture. Not only has this 
industry nttainod gigantic proportiouB, but its products 
and by-products are so numerous, and their applica- 
tions 80 varied, that it affects our every-day life far 
more than we should be likely to imagine. To it we 
owe not only many preparations useful in medicine 
and other arts, but such common materials aa glass 
and soap. Here I shall describe, as briefly as may be, 
firstly, the two chief natural compounds of aoda, or 
rather of sodium, the metallic basis of all the Bub- 
stances called "soda salts"; and secondly, the most 
important ortifioial compounds of this element. 

Common Sail, — This componnd, called also sodium 
ohloride, is by for the most abundant of all sudium 
oompounda. It occurs under three cireumatanceH : as 
the solid rock-salt of salt mines, in brine springs, and 
in sea-water — from nil which sources it may, under 
certain conditions, he profitably obtained, Eock-salt 
occurs in many foreign localities, as Wieliczka, in 
Poland ; Isehl, in Austria ; Stassfm't, in Prussia ; 
Cardona, in Spain ; Bex, in Switzerland, &c., &e. In 
Sngland it is abundant near Northviii^U, iu. GkgAaxe., 
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but our home mlUfield is of moet limited aren when 
compared with eomo of thorns on tho coDtineBt lA 
Eoropo. CoIonrleBS traneparent tock-salt 
nearly pure sodium chloride (98 to 99 per cent.), thon^ 
it usually contains trauc.« of magnesium and caloinm.' 
chlorides. Sometimes, however, it ia pesetiated by 
Teins of other minerals, or of earthy impuritieB. Tim 
strong solutions of salt and of saline matters found i^ 
Worc^tcrshirc, Cheshire, Shropshire, &c., in th« fi 
of brine springs, are also made to yield np nrnd 
their salt by evaporation and crystallization, but ifan 
products are selduui so pure as the beet rock-salt, oc 
toining chlorides of other metals besides sodium, a 
sulphates BS well. Still such brines, chiefly thom 
naturally occurring, but swnetimes those artifidally 
made by dissolving rough rock-salt in water, are tlu^ 
main sources of English salt. English uatural brine| 
contain about 25 i>er cent, of reol salt, which is chie^ 
deposited on boiling them down. The coarsest grai] 
salt, called bay salt, is obtained by slow evaporation t^ 
a low temperature (100° Fahr.), and the finest tabll 
salt at the boiling point of the brine (22(j^ Fahr.), 
the Cbesbiro brine district the works are chiefil 
situated at Middlewich, Winsford, Marston, 'Winni 
ton, and Northwich, lower down the river Weaver t] 
the old locality of the salt ivorka at Nantwich, i 
also near Sandbach, on the river ^^ bcelock. 8inf^ 
manufacturers turn out annually as much as S0,000 D 
70,000 tons of " white " salt, while the whole prodoq 
of the Cheshire district is now not less than 1 J million 
of tons per annum. Much of this is exported, i 
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1 used in fish and bacon curing, and fui' domoetic 
pnrposea, but the greatest quantity ia workeil up into 
Bodima sulphato, and ultimately into catbouate, at the 
alkali worke. 

The preparation of salt from sea-water is still 
carried on to some estent in Great Britain, but it 
formB a more important feature in tho manufactoriug 
industry of other and warmer couatrioa. Ah sea-water 
contains but one-tenth the quantity of common salt 
present in natural brines (2^ instead of 25 per cent.j, 
the process of extracting it is much more tedious, and 
iBijuireB far more heat. Then, too, seo-wator contains 
much larger quantities of magnesium and potassium 
salts than brine, and so the production of a pure 
sodium chloride inTolves more complex operations. 
Salt water and brines may be concentral«d economically 
by exposing tbem to the summer sun in shallow basins 
(" Bolt-gordens "), or by pumping them on to frame- 
works of timber filled with brushwood, protected from 
rain, but exposed as much aa possible to the air. 
When a sufGcient concentration has been thus attained, 
the remaining opemtionB are performed by the aid of 
artificial beat in Buitablo pans, often of very large area, 
the first deposits, containing many impurities, being 
aeporated, and then tho common salt ; the mother liquor 
ia afterwards worked for magncsiimi ealts, for potat^- 
wum chloride, and for bromine. 

Nitrate of soda, the nitratino of some mineralogists, 
is, next to common salt, the most important native 
sodium compound. It goes under a variety of names, 
I above. 
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Carlflbod giving about 700 tons por annum. Bnt t 
native supplies of tbis compound eiuk into inBigni' 
RuuiKse when compared witb ita artificial productio 
troiii ooramoa salt, whicb we now proceed to conHideiL 
Manufaalure of Caustic Soda and of Ike Carbonate.-^ 
Originally carbonate of eoda wae obtained chiefly fi 
tlie iiebQs of marine and of maritime (soo-sbore) plaatBi' 
The aubstances tbae prepared, and known ae barill^ 
kel|), salicor, &c, seldom contained as much as I 
qnertor of tbeir weight of sodium carbonate, aad o 
not more than 5 per cent. But by a aeries of p 
both caustic soda and the carbonate are nowmadefi 
common salt, by a process known as LeLlanc's methoct 
Wo begin by turning the salt into sulphate by t' 
action of oil of vitriol, obtaining hydroGhlorie (und a 
a by-product, as already described {page 14) nnder ti 
Leading of that acid. Naxt the sodium sulphate is tnniei 
into crude soda, by roasting it with chalk and small' 
coal ; then the crude soda is purified ; and finally, the 
sulphur, or part of it, is recovered from the soda wnate 
I proceed to give an outline of these latter processoA 
but the details would require far more space than ] 
have at command. The salt cake, or crude sodiuB 
sulphate (containing about 87 por cent, of neutt 
sulphate, 4 of acid sulphate, 5 of undecompt 
common salt, and i of moisture and impurities), havii^ 
been first made, is mised witb an equal weight t 
ohfllk, and about two-thirds of its weight of small o 
or glade ; this mixture is fumncod together, and whet 
the reduction is nearly complete, owing to the r&movB 
of the ftsygen of the sulphate (Na^SOJ by n 
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the carbon of the coal, the prodact, called " black asb," 
or ball-aoda, is rnkeil from the furnace into iron 
barrowB or bogies, the masses or holla averaging 5 or 
6 cwt apic-co. Burnt or over-roastetl balla contain 
sodium sulpliide, while green or audor-roaBted bolls 
oontain more than the trace of nudecomposed sulphate 
which should be present. The careful workman will 
regulate the furnacing bo that the average amount of 
nndeoomposed sulphate iii the ball-soda shall never 
exceed 1 per cent., and shall average about f of a 
per cent. The chief ingredients of block ash are 
eodium car1>onate and calcium anlphide, which together 
make np three-fourths of its weight ; but it will alwi 
contain caustic lime, chalk, carbon, and a variety of 
other impurities, such as the undecomposed sulphate 
previously alluded to, and about 1 per cent, of sodium 
sulphide and hypoaulphite. Of true soda (NftjO) it 
should contain 25 per cent. 

To purify the black ash from foreign mattere, or 
rather to extract the audium c^rbonote from it, the 
crude product is broken up into lumps, and then di- 
gested in vats with water at 111" Fahr. These vats are 
arranged in aeries, eo that each freah charge of black 
ash comes at first in contact with atrong blnck-ash 
liquors, and finally with fresh water, and in this way 
nearly the whole of the soluble soda com2)oundB are 
extracted. An immense number of other achemes 
have been devised for effecting this extraction aa tho- 
roughly and eoenomically as possible ; hut the prin- 
ciple involved in all is the same as that above named, 
the contact of fresh water mfti weaitVj < 
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I uh, of weak lyo witb pnrtiollj esliausted neb, and 
[ of strong lye with freeh asi. But with every care, 
I all the stages of the process, some soda is alwaya 
loflt, either by being left in the insolnble reeidne off 
the Uxiviation, or by leakage, or by imperfect mana- 
&ctaie of tho soda cako and furnaciiig of the ball- 
soda. The total losses thus caused amount to about 
r 14 per cent, of the sulphate employed, and may 
rise to 20 per cent. Tho lye or liquor prepared 
86 above described is a solution containing mncb 
I Bodium carbonate, a good deal of sodiiun hydrate <^ 
I caustic soda, and small quantities of chloride, sulphate^ 
I Bnlphide, &c. : it varies in specific gravity from 1 ' 2& 
tol'S. This lye is coloured by an iron compound, 
[ which may be removed by passing air throogli the 
liquor, or by the addition of a little green vitriol solu- 
tion. There are three ways of treating the darifiod 
lye. (1) It may be evaporated down to dryness, the 
final heating being efiected on the flonr of a reverbe- 
. zstory furnace. A mixed product is thus obtained, 
I containing about 

67 pel cent, sndinm carbon Bto. 

15 „ caustic Boda, 

IT „ other aodium oumpoimds. 

(2) Tho lye may be diluted (to 22° Twaddell), 
then made caustic with burnt lime. For every ton of 
cauBtio Bodo to be obtained, about 15 ewt, of unslaked. 
lime are used. The lime and the liquor are thoroughly 
agitated by tho aid of steam and air till the react 
■ " tccuri'od: 

CaO + Rfii- Na,CO, ^ 2 NiflO + CaOO^ 



^Wien t 
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TVien the change is complete, and the carbonated lime 
has settled, the clear caoetic liqnoi ie run o^ aud 
boiled down in boat pans, where most of the sodium 
salts other than the hydrate are deposited : these aie 
fished out and used with salt cake iii the manufactuia 
of black ash, while the precipitated calcium carbonate 
is employed in the same operation as a substitute for 
the limestone or chalk. The now very concentrated 
liqnor is still further heated in cast-iron pots, called 
" finishers," till all watei is expelled, and till the mass 
is fused and red-hot. The whitening of the caustic 
sodft ia then efiected by oxidizing it, which destroys 
the sulphides, carbon, &c., to which its colour is due. 
Oxidation is best effected by blowing air into the fused 
maas ; but sometimes the old method of adding sodium 
niti^te ia still adopted ; it is, however, difficult to 
aroid adding too much or too little of this salt for the 
purpose in view. Occasionally the agencies of air and 
of Boda-nitre are employed together ; when the latter 
substance is used alone, from 28 to 56 lb. aie required 
for 1 ton of caustic. The white caustic alkali, still 
fused, is run into diums capable of containing about 
5 cwt. From a "pot" of 8 tons caustic about 7 to 
10 cwt. of a very crude discoloured soda will bo ob- 
tained, technically known as "bottoms." These are 
sometimes sold, but they are often redissolved and 
worked up along with ordinary rat liquor oi' lye. The 
caustic soda obtained according to the above plan is 
never pure, containing other sodium salts (as sulphate), 
together with silicate and alnminatc. Fure caustic 
soda can only be made by ELcting u'^nn. ^isl££^);&. 
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Bodinm with water in & silver disli ; 
caustio sodit IB usnEilly reckoned to contain an amoant 
of tlie hydrate or true catiRtic soda corresponding to< 
60 pet cent, of the oxide (Na^O) ; were it pure i 
would contain 77-5 per cent. Canatio soda is ui 
Boap making, in many chemical raanuiactures, : 
fining petrolenm and paraffin, in the manufactnre of 
sodium silicate or water glass, in the preparation t 
vegetable fibres for pa2>er, and for an increstsii^ 
number of minor purposes in the arts. 

(3) The third method of treating the lye ar liqm 
from the ball-Noda haa for its end the prodnction ( 
Bodtum carbonate. There are several modifications a 
the usual method of effecting this result. The i 
liquor is evaporated as before, then dried up, gromu 
to powder, and mixed with an equal bulk of carbonow 
ceons matter, such as charcoal, alack, or sawdust. T' 
mixture is then fnrnaced at a temperature about t 
of melting lead, the operation being called "calking,'* 
and being conducted in a "colkor fiiraace." By sob 
sequent solution in water and concentration, TarioB 
crops of Bodium cai'l)onate more or \em pure may b 
crystallized out : they will contain about 7 per cent 
of water, if formed from a hot strong solutio 
temperature, and will then correspond to the formula 

Na,CO, + H,0. 

If, on the other hand, calcined soda be dissolved i 
water so as to make a solution saturated when 1 
crystals of soda, or washing soda, will fall on ooolii^ 
I Bj ooUeoting Etnd ledissolving these, and gtvlltg 4 
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Bolntion a week or more to crystallize, largo and 
nearlj pure cryatals are obtained, but thoy contain 
10 raolecTilos of watoj', corfeaponding to 63 per cent. 
By alight alterations in the temperature and concen- 
tration of the liquor, other hydrates of this carbonate 
may be obtained with 15, 9, or 7 moleculea in lieu of 10. 
By strongly heating any of thefie hydrates, anhydrous 
sodium carbonate may be obtained. The ordinary 
qualities of this salt are tnowa as soda ash, or British 
Alkali. By passing a current of carbonic acid gas 
(carbon dioxide, COj) through a solution of the car- 
bonate, or by exposing Boda erystals to the air and the 
eame gas, the so-called bicarbonate of soda is formed. 
It is in reality an acid carbonate, expressed by the 
formula NaHCOj, It may be viewed as m&do up of 
the ordinary carbonate, of water, and of carbon di- 

Nb,CO, + H,0 + CO, = 2NaHC0,. 
Before Baying a few words as to other ways of 
obtaining caustic and carbonated soda, the recovery of 
the sulphur from the so-called soda waste requires 
notice. In the soda manufacture a serious and almoRt 
total loss of sulphur will occur unless it be recovered 
from the waste left in the rats whore the black ash 
has been lixiviated. Most of the sulphnr exists in the 
form of calciimi sulphide, or of a compound which may 
be aeaumed to contain that substance. By driving air 
or flue gases through the waste, or by simply exposing 
it to the air, some of this sulphide is oxidized into 
hypoBulpUite, while soluble polysulphides of calcium 
Un also formed. When thes6 chuigeB \una ^t<y±«»&e& 
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to the proper degree, uacertainod by direct testing, the 
oxidized n-oate is lixiviated and the sulphur preci- 
pitated from the liquor thus ohtained hy means of 
hydrochloric acid (generally by ^aate gaises or liqaors 
containing that acid), The chief actions which the 
acid causes are the direct precipitatioa of some stUphur 
&om the polysulphide and hyposulphite present, anA 
f the evolution of both hydrosulphario acid (H2S)and 
flnlphur dioxide (SO^). These two gaaea react npou. 
I one another mainly after this manner, producing mnch 
I Bulphur: 

2H,8 + 8O, = 2H,0 + B,. 

The sulphur iB purified by being heated with wutar 

a closed iron vessel hy moans of sf«am at about 2 at- 

I moHpheres' pressure, and thus tho sulphur melts and 

I collects together at the bottom of the vessel. It is 

bee &om arsenic, a very general impurity in oidhiaay- 

I sulphur. 

I Betuming for a while to the subject of soda, 
I may here refer to two or three processes which presenfi 
I yalnafale features, but which are at present of nmu^ 
importance. Mr. Weldou, improving and developing 
a suggestion made in 1861 by Mr. GoBsago, treats salV 
oake directly with small coal alone, fumacing 
mixture in a muffle furnace. Tho reaction whiofr 
ensues yields sodium sulphide and carbon m.onoxide, 
thus: 

Nii,SO, + 0, = Na,8 + 4C0. 

The new product is, when cold, at once dissolved iff 
water and treated in air-tight iron veKsels will 
L boa dioxide, £rom aaj economioal Bourue, when l^d^ 
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mlphnric acid is evolvod and sodium cenbonate is 
formed. Tlie solution is run into vats, boiled, and 
csrystallized : the product is nearly pure sodium car- 
bonate. Or tho liquor may bo cauBticizod with lime 
as already described, and eo good caustic soda bo ob- 
tained. Wo must now follow tho course of the hydro- 
enlphuric acid. This gns is led through a series of 
vessels containing hydrated ferric oxide, suspended in 
water, or through a solution of copper chloride. If the 
former material be used, the production of ferrous sul- 
phide (FeS) and sulphur is the first result, and thou 
air is blown through the mixture to peroxide tho iron 
ftgais, and to sejiarate the sulphui' from it. These two 
reactions are thus represented : 

(a) Fc,0, + 3 H,S = 2 FeS + S + S HjO ; 
(t) 2PeS-hO, = Fe;0, + S,. 

Theso operations are repeated again and again till 
much &ee sulphur has accumulated, when the ferrio 
oxide is dissolved out by acid and the sulphur left. 

An ingenious method of making the carbonate di- 
rectly from the chloriUo of sodium has often engaged 
the attention of chemiste and manufacturers. This plan 
depends upon the interchange of acid and base between 
ammonium carbonate and sodium chloride, ammonium 
chloride and sodium carbonate being the products. 
The reaction seems to occur moat completely when 
ammonia and carbon dioxide are together blown into a 
solution of common salt. 

Soda 18 made from cryolite, a Greenland mineral, 
oonsieting of aluminium, sodium, and floaELna. Uiiso!> 
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15,000 tone of tliie enbetance are annnallj' worked up m 
bj means of a prucese in which canstic lime, eitlier 3 
dry or in tlio form cif shiked lime, ia the agent em- ■ 
ployed to elTect the decomposition. Canstic Boda^fl 
sodium alnminate, and caloiora flaoride are the tlirea I 
prodnets of the. action in the former case. Tlis alu-'fl 
minute and canstic HOiIa being both soloble is nater, I 
it is necesesry to Beparato the alumina from the liquor. M 
This is done by means of a stream of carbon dioxide,! 
which carbonates all the soda, and preeipitates thai 
alumina. In the wet way, by neiiig a saf&ciency cfl 
Blaked lime, all the soda is obtained in the caastic andifl 
Bolnblo form. I 

As to the statistics of the manufacture of soda ash I 
and other derivatives of common salt, we find, accord- a 
ing to Mr. Gossage's report to the British Associatioiij J 
that in 1869, 320,000 tons of common salt were decom-1 
posed in Great Britain, 142,000 tons of which wetsfl 
treated in the Newcastle district, and meet of the reatl 
in the Lancashire district. According to Crooke^l 
edition of Wagner's ' Technology,' Europe prodnoe^fl 
&S2,500 tons of soda ash in 1870, 312,500 tens of thi^ 
being made in Great BHtaiu. The number of personvfl 
engaged iii this most important industry is very greatifl 
but the data published are far from complete. lu tlisfl 
'Chemical Manufacturers' Directory' for 1874 we findl 
but fifty manufacturers of soda ash given for EnglanjI 
and one for Scotland, a number far below the trnth^ 
One must say the same of the fifteen firms given 0*1 
manufacturers of caustic soda, but not included in th&J 
jircvioue list of soda-ash makers, though most of theaoifl 
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latter send out caustic soda as well, and a good many 
of them soda crystals in addition. Of the less com- 
mon sodium salts there are fewer makers, and these 
generally confine their attention to one or two salts 
only. I have not been able in my brief outline of the 
soda manufacture to allude to these compounds, but 
they are of considerable importance, and employ much 
skilled labour. Amongst them I may name, sodium 
acetate, arseniate, bisulphite, manganate, permanga- 
nate, silicate, stannate, and phosphate. 
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HI. AlHSlONU. AND ITS SaLIB. 

At present no ftvailnble metliod U known for c 
biniDg the two constituent elements of ammonia bo a 
to make this compoDad by wLat might be called aa 
artificial proceas. We are obliged to have reooni 
matteiB of organic origin, chiefly derived from animab^ 
but in one instance, and a very important one, fiwm • 
Bnbstanee — coal — deriyed from Tegotahle Btrnctoies. 
Wben Euch matters as bones, skin, feathers, honiB, Ac^ 
are submitted to a high temperaturo out of cc 
with tbe air, the elements present arrange themselvel 
in new forms of combination, the nitrogen appearing 
obiefly as ammonia, or rather, as compouiidfi of tbot 
base. This is the case in the manufacture of gas fi 
coal ; fur coal, though containing hut 1 part of nitiogei 
in 100, and not yielding more than from one-tbird ti 
one-half of that amduut of ammonia, yet fumishes tbS 
larger proportion of the ammoniocal compounds i 
with in commerce. Thns, though coal is not distilled 
for the sake of its ammonia, yet it yields it as & 
. quantities of no meaa commercial 

f combination, ia used 
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itt many arts. In the caustic state as a aolntion of 
ammonia ga^ in water, it ia employed in medicine, in 
chemical analysis, in the preparation of many salts, in 
the estraction of cochineal, and in the preparation of 
colouring matterE from liclieoB, It is also used, for 
the Bake of the cold produced in its evaporation, in 
Carre's ico-raalting, and in other similar refrigerating 
machines. Ammonium sulphate, the sulphate of am- 
monia, ie extensively used as an artificial manure, cither 
alone or with other fertilizing substances; common 
almn is now mode with it instead of with potassium 
sulphate, and it, in common with other compounds of 
the boee, is employed in the preparation of caostic 
ammonia and certain ammonium salts. 

Std^mvioniac, or ^mmimiujn Chloride, was first ob- 
tained by subliming the soot from the combustion of 
camel's dung, and was chiefly prepared in Egypt. It is 
now mainly procured in the purification of coal-gas. 
The following is on outline of one of the plans adopted 
for this purpose, a plan which, it will ha seen, may 
be kdopted with slight modification for the preparation 
of otbar salts of ammonium besides the chloride. 

Gas water, the ommoniacal liquor resulting from the 
destructive distillfltiou of coal, is the material operated 
npon. It contains many substances besides ammonia 
compounds, and of these latter there are at least sis dif- 
ferent kinds, including the acsquicorbonato, tho chloride. 
the sulphide, and the sulphocyanide. Then, too, tho 
proBCace of tarry matter and comjiles organic bases in 
the crude gas-water prevents the possibility of preparing 
from it, by direct addition of hydrochloric acid, anything 
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like a pnre sample of ammoniam chloride. TLub it 

becomes neceseaTj to liberate the ammonia present i\ 
various forms of coiubioHtion by means of slaked I 
and to submit the alkaline miitnre to sonio process by 
which the ammonia, and the anunonia alone, shall be 
drJTen ont, and subsequently collected in a pnre b 
in water or acid. Three plans for effecting this sopar»> 
tion hare been proposed, and in one form or anothec 
are now used. The lime having heen added i 
siderablo escess above what is requisite to free thtf 
alkali, air may he blown into the liquor ; or secondl;^ 
it may bo similarly treated by meana of a jet of steani, 
or of steam and air mixed ; or lastly, the vessel contain^ 
ing the liquor and the lime may be heated by the direct, 
application of fire or of hot flue gases. Whichever plaS' 
be adopted, the ammonia (NH,), freed from its com- 
binations, comes off, and after passing (if a very dean' 
product he desired) through a purifier adapted for thflj 
retention, of any traces of tar, is received into a series 
of cooled condensers, whore it may he simply absorbed 
by pure water, or else allowed to combine with an add.. 
If hydrochloric acid be used, it may he introduced in 
several ways, such as in solution in water, o 
form of air more or leas charged with hydroohlorio 
acid gas. In some manufactories it is usual to employ 
water to condense the moist aromonia given off in tha, 
operation of distilling which I have deaoribed ahove^. 
and to employ acids merely in a subsidiary manner 
for preventing any loss of the volatile alkali through^ 
imperfect absorption. Every part of the absorbing 
apparatus requires, moreover, to be prepared and 
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^WftlBted with HcrupulouB core, on account of the 
rapidity with which an inunease volume of ammonia 
18 absorbed and condensed anddenly by water or neid, 
and nlBo by reason of the danger of loss throngh 
escape of the gas in imperfect joints and stop-cocks, or 
from overheating. It shonld have been stated above 
that it is a^lvisable to fit stirrers into the vessels whei* 
the lime and gaa water are to be heated together, that 
the caking of the former on the bottom of the vessels 
may be avoided. And there are also numerous in- 
genious plane, by which fresh supplies of gas liquor 
are made warm in the very process by which they servo 
to cool and condense the moist ammonia or ammonia 
and steam given ofT from the boiler. These last 
obBervatione of course apply to those processes which 
are dependent upon the use of fire or steam for forcing 
ont the ammonia from the liquor. 

When ammonia, however obtained, has been exactly 
saturated with hydrochloric acid, nothing remains but 
to evaporate the solution of the chloride formed either 
to the crystallisiing point or else to dryness. In the 
former case, the crops of crystals arc removed from 
the mother liquor, drained and dried; in tho latter, 
the dried mass is sublimed in large iron pots, and the 
Vftponra of the volatilized salt condensed in hoods or 
covers of iron or lead ; vcasels of glass or of earthen- 
ware may, however, be used for this purpose. Tho 
ammonium chloride, or sal-ammoniac of commerce pro- 
pared by sublimation, presents tho appearance of a 
translucent mass of considerable thickness, in which 
unmeroQS layers can be traced. It is never pure, and 
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very seldom &ee &om colour. It QODtoiuH iron in tiiA - 
form of ferric chloride, and the chlorides of bc 
pound ammoniums as welL It may bo obtained 6ee 
from iron by adding to tho solid salt, previous to 
sublimation, about 5 per cent, of Buperpbosphste of 
lime ; or if a solution is to be purified, enough (ini 
moninm snlphide is added to precipitate the iron a 
sulphide, which is then strained off or allowed to 
settle ; tho clear liquor, acidulated with a little pure 
hydrochloric acid, is now boiled down to the crystal" 
lizing point, any acid reaction being first ucutralizeii 
with a little pure ammonia solution ; which, faoweTei 
must not be added till all smell of anlphurettet 
hydrogen has ceased. 

Sal-ammoniac when prepared directly from gaa t 
often obtained by allowing the tarry matters to fa 
deposited, and then passing the gas throngh twi 
scrubborB containing, in some works, 30 tons of Btom 
(not coke). In these scrubbers the same water is UBSI 
over and over again, till it has absorbed a sufficien 
proportion of ammonia. This gas liquor is strai 
and run off into tanks, from which it is siphoned inll 
vats made of wood lined with lead, or else built up a 
Yorkshire flags. These vats contain hydroehltaHl 
acid, which when neutralized forms a solution of im- 
pure sal-ammoniac. During the neutralization, 
gasoB which are evolved are led through a fire, in or 
to burn off the bydrosnlphuric acid which is presesf 
The neutralized solution is strained to seporate ta 
matters, and then concentrated in pans furnished v 
covers and pipes. When aufficiently strong, it is : 
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out into wooden tanks lined with load in order to 
crystallize. The crystals are drained on a rack, so 
inclijied os to allow the mother liqnors to run back 
into the vat to be again worked np. The crade 
ciyatals are afterwards heated in cast-iron pans almost 
to the anbliming point, by which treatment the tarry 
matters are driven off. Finally, the salt is sublimed 
in fltroDg iron cylinders with leaden or iron covers 
lined with flre-clay. The snblimed sal-ammoniao 
forms dome-shaped masses in these covers. 

Sal-ammoniae is used largely in metallnrgical opera- 
tions, especially in soldering, and in "galvanizing" 
and tinning iron. Its uses in the preparation of 
many chemical and pharmacentical products are also 
nsmerouB and important. 

Stiiphale of Ammonia, or Ammoninm Sulphate (N Hj)j 
8O4, ia prepared in exactly the same manner as the 
chloride, merely substituting enlphuric acid, more or 
less strong, for hydrochloric acid. Large quantities of 
very crude and rough sulphate are made directly from 
g^ water, the product, though very impure and dark 
coloured, being well adapted for agricultural use as an 
artificial manure peculiarly applicable to grass and 
wheat. Theoretically, the absolutely pure salt should 
contain 25'71 per cent, of ammonia; practically, the 
sulphate used as manure often contains as little as 23 
per cent. It is stated in Muspratt's 'Chemistry' that 
in one Glasgow factory 70,000 gallons of gas liquor are 
couBomed weekly in the production of sulphate— the 
ammonia being distilled off, as before described, and 
die distillate being then slowly mis.&dL mt^i »:i'avi^\^i% 
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lite 4500 lb. of oil of vitriol of the etrengtli 
" chamber acid," about 1 ■ G25 in specific gravity, Thft 
mixture is then evaporated and crystallized. It ia 
umiaiial to find sulphate of ammonia from gas liquM 
largely contaminated with ammonium eulphocyanida; 
This Halt muBt always be tested for, advantage being 
taken of the blood-red colour which persalte of iron 
(ferric chloiide) strike with its solutions. 
sulphooyonide is not only useless to plants, but 
positively poisonous to them, any ammonium snlphats 
intended for agricultural use must be specially anft* 
lyzed, by aEcertaining, not only its total nitrogen, 
the amount of nitrogen existing as real amnu 
What is technically termed " gas ammonia " is n 
used in artificial mixed manures, and consists mainly 
of tho wast« sawdust, from the gas purifiers trhicht' 
having been flrat wetted with Bulphuric acid, has then' 
been made to absorb the ammonia of the gas vrhicik 
passes over it. It commonly eoatains, when withdrawllt 
from tho trays on which it has been spread in thA 
purifiers, about 25 per cent, of real ammonium sulphateu 
Another important source of ammonium snlphato 
(and consequently of ammonia itself and of its ealts iff 
general) is found in waste animal matter. Tha blood' 
of slaughter-houses, hones, solid nitrogenons tissne^, 
and urine may, by fermentation and the addition rf 
lime, or else by destructive distillation, be made t<x 
yield up the greater part of the nitrogen which they 
contain in the form of ammonia. Tho free alkali m*y 
then bo saturated vfith sulphuric or other acid, or may 
bo aaed for the p repanttLou of cftustlc gjnmonia aoli 



AMMOSIA AND IT3 SALTS. 71 

It is easy to dietiiiguisli the crude nmmonia salts made 
from animal matters from those which are prepared 
fium gaa water by their pecnliarly dieagreeable odour. 

JSovi that ammoniiun anlphate is so extensively used 
in alum making and for manure, &c., the gas liquor of 
most considerable gas works is utilized ; but the same 
cannot be said for all other kinds of aitrogenoua waste. 
The price of rough ammonia sulphate has yaried 
mach. Some twenty years ago it was sold at SI. per 
ton: now it realiaea 18Z. It is found that 100 gallons 
of gas water yields about 50 lb. of tJiia salt. Of 
course the yield of refined sulphate is leas, since by 
BOlutiOQ in water of the crudo salt, filtration through 
un in inl charcoal, and recrystallization, not only are 
impuritieB removed, hut somo true sulphate is un- 
avoidably lost. 

Carbonate of Ammonia, or Ammoriiam Carbonale, is, 
as already noted, a product of the distillation of coal 
for gas, and is also formed in the heating of most 
nitrogenizcd matters. The commercial compound is 
usnally regarded as a sesqnicarbonate, and may be 
fonunlated thus: INH^, 3C0„ SH^O. It was for- 
merly made by the dry distillation of homa and bones, 
and so its solution became known as hartshorn or 
spirits of bartshom. The pure dry salt constitutes 
the basis of common smelling salts ; it is prepared 
in but small quantity from bones and animal matters, 
and then only as a by-product in the manufacture of 
animal charcoal, &c., the ammonium sulphate or chlo- 
ride from gas being generally used to produce it by 
maans of double decompositioii, m the {oUovtm^-^v^ \ 
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An iatiinate misture is mado of 5 porta of the ammo' 
nium Bulpliftto or chloride, 10 parts of cftloium ca^ 
boante in tlio form of cLulk, aud 1 part of charcoal,' 
Beeidee the solid Eosc^iii carbonate of [unmonia, whiob 
i§ tho chief product of the reaction, free ammonia giff. 
is evolved and may be absorbed by leading it into- 
water or an acid. The crude solid sosqni carbonate 
pniLfied by re-sublimation: 5 parta of chloride yield> 
nearly 4 of carbonate. 

Aviraoiiia, caustic ammonia, liquor ammoniffi, at 
ammonium hydrate, as met with in commerce, is ». 
nearly pure solution of ammonia gas in water. It IV' 
considered that this solution ropiescuts a definite' 
chemical compound, thus : 



I have already described the main available soareeB 
of ammonia of vegetable and animal origin, and need 
do no mure here than give an outline of tho plan used 
for prepai'ing tbe aqueous solution of this compound. 
The gas having been disengaged in iron or copper 
vessels, as already described (under the heading "Sal- 
ammoniac," p. C5), is passed into a series of bottles witti 
three necks, partly filled with pure water kept cold. 
The first of tho set is small and contains but little 
liquid, as it servos as a kind of wasLor for the gas,. 
but in the others the solution of ammonia is effected,' 
One of the necks in each bottle ia fitted with a Eafe^ 
tube. Sometimes the ammonia is absorbed in a kind 
of water-tank fitted with horizontal perforated shelves, 
the gsa being admitted at the bottom and abi 
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completely before it can roach the top of the tank. 
Water oipanda grently when it absorbs ammonia, so 
that 1 volume of water at 60" Fahr. (15''- 6 C), having 
dissolved no less than 783 volumes of the gas, has a 
specific gravity no greater than -8849, ond cuntninB 
abont 36 per cent, of ammonia. A convenient strength 
for ordinary use has a speciiie gravity of ■ 96, ond 
contains 10 per cent, of ammonia. Commercial solu- 
tion of ammonia always contains impurities, snch as 
ammonium carbonate, empyreumatic oil, and cnmponnd 
ammoniac. By adding a little slaked lime, and care- 
fiilly re-distilling it into water, the first impurity may 
be removed, and by nearly nentralizing it with acid, 
boiling down the salt formed, and submitting it once 
more to the original process of preparation, the latter 
impurities will be found to hove been nearly wholly 
eliminated. 

Besides the soureeB of ammonia and its salts already 
mentioned, there are others of which advantage may 
be taken in some parts of Europe, In the preparation 
of beetroot engar, much ammonia is given off during 
the evaporation of the juice, so that M, Renard has 
calculated that about 8 ewt. of ammonium sulphate 
might be prepared from each 100 tons of roots. In 
Bome volcanic regions, as in the Tuscan horacia acid 
lagoons, much ammonium sulphate occurs in solution, 
and might be utilized. 

In the ' Chemical Manufiicturers' Directory ' for 
1874, the names of twelve British makers of liquid 
ammonia, and of eighty-five makers of ammonium 
Holpkate, and other salts of this elkaXt, iiwj^Ai.ti'Qii^S 
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bnt these numbers give no adeqnate idea of the mnlti- 
tude of ammonia works in this coimtry, and mnch less 
do they indicate the great extent of this important 
industry. Ammonia and its salts, moreover, are often 
made in a factory only to be used np in other pre- 
parations, or in processes, without appearing for sale 
in the market ; yet, after all, nearly fifty salts or com- 
pounds of ammonia will be found in the trade lists of 
chemical preparations issued by druggists. 
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THE MANUFACTURE OF SOAP. 

Br Prop. Caunon, M,A., F.C.S., The Agrionltoial College, 
CireDcester. 

Is chemical langnnge all the salts or metallic com' 
pounds of tiie fatty acida are called soaps, but the term is 
commonly restiicted to the potoBsiiim and sodium salts 
of anch acids. Thus we have "potash soaps," which are 
soft, and " soda soaps," which are hard. In pharmacy, 
however, there is another soap in uac, which is really a 
"lead Boap,"aEd which, though easily melted hy warmth, 
is quits insoluble in water, and so differs in one most 
essential characteriKtic from the soaps employed for 
cleansing purposes. This lead soap, the material of 
which lead plaster is composed, is lead olcate, and is 
prepared by boiling litharge or load protoxide with 
olive oil and some water, when lead oleate is formed 
and glycerine separates. 

Hard soaps are commonly made with tallow and 
solid fats or oils and a lye of caustic soda. The fol- 
lowing fatty materials of animal and vegetable origin 
are all usod in the manufiieture of either hard or soft 
Boaps : tallow, mixtures of animal fats (" kitchen 
stuff"), lard, fish oil, seal oil, palm oil, olive oil, cocoa- 
nnt oil, eotton-seed oil, and a number of other non- 
dryiog oils and fats. Some of tliese latter are termed 
itable hotter," and all of tbeia, \iq\^ ^aia. viA <^&&., 
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P are obtnined from plants grown out of Great BrituSj ^| 

l| uid either itaported in the extracted condition, or, in 
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the ciiBe of muny oil sccda, pressed or diBEolved ont in 
thia conntry. Tho residuee of euch vegetable matters 
»re known ub oilc&koa, and severul of iLem are largely 
employed in cattle feeding. Another matorial, not 
properly a. fut, hut capable of uniting with alkalies, is 
also UBed in BOitp making : I refer to rosin or colo- 
phony, the less volatilo part of turpentine. The proceaa 
of soap making or soap Lolling may be conducted u 
follows ; but I here describe one only of the numeroua 
modes of operation in common- nse. The vessel in 
vhioh the combination of &t and alkali is to be effected 
is taade of wrought~iron platea riveted together, and 
often of each a size {15 feet diameter and 15 feet deep) 
that from 20 to 30 tons of aoap may bo produced fzwa 
one charge. The heating of these soap pans or pota 
is accomplished by steam, which may bo directly ia-i 
trodnced into the mixture in the pan, or it may be led 
tbiongh it in a coil of pipe, or made to surround the 
pan in a jacket. Some of the oil or fat, or mixtore of 
euch matters, ia first put into the pan, then some weak 
caustic lye (apocific gravity 1 ' 05 tu 1 ' 08) is added, the 
mixture being agitated and gently warmed at first, 
further quantities of lye, of increasing strength, being 
added from time to timo, and tho beating continued 
until a kind of emulsion is formed. More fat (and tosIb 
in making yellow Boap), and then more lye is added 
from time to time, while the boiling is conttnned until 
the proper quantities and proportions of each have 
beeo introduced, and the raponi^olton, oi aoticia nS tb«^ 



w 



MANUFACTURE OF SOAP. 77 



i npon the fat, is complete. ProcaationB againfit 
excessive frothing aud boiling over have to he taken, 
while the completion of the change must be ascer- 
tained hf the occasional withdrawal ovd examination of 
email samples from the pan. The next step in the 
process is the eepnration of the soap from the mosa of 
the Liquor, a separatioa or parting which ia commonly 
made by the addition of about 10 pennda of common 
Bait for every 100 ponnda of fatty matter employed. 
Soap being insoluhle in strong saline solutions, sepa- 
rates in a nearly dry and puie condition, floating to 
the top of the liquor. The layer of soap may be 
drawn oS, still melted or fused, at this stage of the 
operation, and separates by further heating into a clear 
portion and a mottled portion ; or the more naual plan 
may be adopted, of running ofl' the spent wateiy and 
saline liquor below, leaving the soap in the pan to be 
(^terwaiAa treated in the following way. To the soap 
is added some lye, and the whole is once more heated, 
then the mixture is allowed to settle for some hours. 
Next the liquor is run off to he used in the next charge, 
while the soap, which now contains more water than 
before and a slight excess of alkali, ia cast in iron 
frames or moulds, and when cold cut into blocks or bars 
by means of wires. The following kinds of soda soap 
may be distinguished. 

1. White or curd soap, made chiefly from tallow. 

2. Yellow soop, into the ingredients of which rosin 
entiars. 

3. Mottled snap, which contains grey or brown 
patches of impurities, chiefly sulphide and oiidos of irou. 
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4. O&Bttlle or Marseilles Boap, jbrmerlj made nith 
good olivo oil, and now prepared with the lower qoa- 
litioR of that uil, with olive fiit, and with cotton seed 
and cheaper oiis. The mottling is often produced in. 
this soap, and in English mottled aoap, by the 
erode lye of canBtic aoda containing sodium sulphido, 
and tlio addition of a little green vitriol eolntion. 

5. Silicate of Boda Boaps, containing much « 
glass, or Boluhlo alkolino Bilicate, and also a lugb 
oentage of water. 

6. Fancy or toilet Boaps, of many BDits, yot difibrhig 
but fllightly in composition. They are usually pre* 
pared from curd soap, by remelting and skimming it, 
&c. Perfumed soitpB, for infltance, are curd BoapB- 
remelled, with additions of fragrant essential oils, 
those of hergamot, caraway, eitronella, &c. In mi 
cascB colouring matters are also introduced, so as 4b 
mako the product more pleasing to the eye. Gly( 
rine soap contains a considerable amount of glycerine 
(OjHgOj), tbo by-prodact previously spoken 
formed in soap boiling. Petroleum soap conte 
little dark-coloured native tock-oll or petroleum, wliile 
from 5 to 20 per cent, of crystallized carbolic acid ia 
introduced into carbolic soap. Transparent aoap 
usually made by dissolving curd soap in its own weight 
of spirits of wine, adding some perfume, allowing im- 
purities to settle, distilling off some of the spirit, and 
pouring the smooth and strong solution into mouldB. 

A good soap for domestic use should be firm to the 
tonch, and contain in 100 parts not more tLan 12 of 
soda or 25 of water. It should contract but slightly 
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and that imifonoly, wLeu drying, and no efflorescence 
slionld appear ujwn it wLen kept in a dry place ; this 
latter test being specially applicable to soaps which 
are intended to come in contact with the humuQ skin. 
In making such soaps, the use of bone-fat, of esaence of 
mirbano (that is nitrobenzol), and of such colouring 
matters aa arsenical and copper gi'een, and of magenta, 
&c., should be avoided. 

Brown Windsor soap, one of the most popular toilet 
BoapB, was formerly made with a soap formed from 
tallow 2 parts and olive oil I part, oile of bergamot, 
cumin, thyme, and caraway being added to impart a 
soent, and brown nmher and ochre to give colour. It is 
now often made from curd aoap, by pcrfiuning it and 
adding burnt sugar to give the brown hue; while other 
oils and fats besides those named above are often em- 
ployed as the basis of its preparation. Cocoa-nut oil, 
for instance, is much used in lieu of the more volnable 
fatty matters, as besides its cheapness it makes a hard 
soap, which still remains firm and solid, even when an 
nntiBnally high percentage of water has been incor- 
porated with it. The best shaving soap is made with 
oleic acid and potassium carbonate. 

Soft ioajta are essentially potassium oleato, but as 
they ore not " parted," that is, as they contain all the 
glycerine and constituents of the lye, they ore usually 
very impure. They ore made by boiling Hah oils, seal 
and whale oils, tape, hemp, linseed, and other vege- 
table oils with a lye, not of caustic soda, but of caustic 
potash, a little tallow being added in some cases to 
produce a speckled appearance in the flnished product. 



80 BRITISS MASUFACTUBINS ISDUSTBTES. 

known as " figging," from its reeemblance to the a 
of figs, The procesE of boiling is conducted in 
eame way as with the hard BoapH previoosly described^l 
flnlj the mixttirc of lye and fatty matter, when saponi- ' 
fication ie complete, is merely boiled down, with c 
stont stirring, till much of the water has eTaporatad. 
Wbeii ft'othing haa ceased, very large bubbles, whiak. 
often o'verlnp each other, form on the liquid, and th^ 
the product is said to " talk," a sign of the completioa 
of the process. Soft Goap generally contains not on!^ 
much glycerine but an excess of alkali, and, bein^ 
mode from fish oils and other matters having an o£[eii^ 
sive smell, is used chiefly as a cleansing material i^' 
raBEufactures, such as that of woollen stufis. 
percentage of water in it is much higher than 1 
fonnd in hard aoapB, being seldom less than 36 p 
per 100, and often amounting to half the weight of th« 
soap. In some cheaper kinds of soft soap, water gla 
silioions earth, or china clay is introduced, but | 
qualities are made from such materials as gallipoli cSk 
(low quality of olive oil) and clean potashos alonea 
There ia a growing tendency to add other and les» 
costly materials, howevei ; but if soaps were sold under 
a guarantee of approximate coDipoeition, so for as alkali, 
fatty acids, and water were concerned, the value of ths 
article might be better cBtimatod by the purchaser 
than it can often be now. In some caBcs these neW 
materials added to soap fur fulling purposes rentier jM 
more effective, and mnat in so far be regarded i 
improvements. Uudcr this head we may sometimes 
reckon the use of sodium aluminate, of water glass, o 
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the mncilage of Iceland moss, thie latter being a com- 
mon sean'eed, in wbicti there is an abundance of a 
gummy Bubatanee, closely allied to the mucilage occur- 
ring in linBeod. 

A word or two may be added here concerning the 
chemical reactiom and changes which occur during sapo- 
nification, or rather which may be said to constitute that 
Soape, as I have said at the beginning of this 
>re the Baits of certaiu fatty acids, which either 
, or may easily be made from, the natural oils 
Only the soaps of the alkalies (potaeh, soda, 
ia) are soluble, but others may be formed by 
the same kind of action, and some, such as lead BOap, 
the soaps of zinc, manganese, copper, tin, mercury. 
BJlTer, and aluminium, have been prepared for special 
porposea in some of the minor arts and industiieB, 
while calcium or limo soap, is formed whenever Boap 
is HBed with hard water. Now the chemical formul» 
of the three moat usual and important fatty acids, anil 
of their corresponding Boda and potash compounds or 
BOapa, are here given — 



article, 

and fats. 
and 



C„H„0 uo. 

Sodluin I'almlulf. 
0„H„0 NaO. 

c„h°o'ko. 



C„H,sO HO. 

c„H,"6 mo. 

C,.H„OKO. ' 



OlPic Acid, 
C.sHjjOHO. 

0,^°7oNaO. 

Ptiti«uii]m OIfsu, 
C„H„OKO. 



These are the chief fatty acids, but several others 
are by no means of rare occurrence ; sueh are artichidie 
acid (CjoHj^OHO) and hypogmic acid (CigHjgOHOj, 
&om ground-nut oil ; erucic acid {C^^HjiO HO), from 
colaa oil and fixed oil of mustard, and linoleie oeid. 
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(0„Hj,0 HO), from the oils of Unseed, walnnt, poppy, 
and otlior drying oUb, Now, ifaoHd fats aad liquid oils 
oontainod tlieee acids in a iree stiite, nothing would 
be easier to explain tbun their Bapouifiuatlon, for the 
change would be eipressod somewhat thus : 
0,„H„OHO - 

Pulmllio Adil. 

Bnt thoagh there are often more than traoeB of free J 
&tty acids in natural fats and oils, animal and vege- J 
table, yet they mainly consist of peculiar compooudi 
kno\Tii as glyceridea, compounds which may bo regard 
na fatty acids, plus glycer 
Indeed, given palmitic acid and glycerine, palm i 
may be artificially motlc, water separating 
operation thus : 
3 0„H„0 HO + 0,Hs 3 HO = CC„H„0)jC„H.O, + 3H,0. ' 

Now the reverse change is that of saponifioatioii>fl 
Boil palm oil with soda lye, and you get palm sottp a 
glycerine, i 



SimilaF changes occur in preparing Eoaps &om o 
glyceridcB. 

According to a paper read, in 1870, by Mr. W. ( 
Kage, of WiduGs, before the British Association, ■ 
total production of soap in tlie year 1852 (when t] 
soap duty was abolished) was not less than 1600 b 
per week in Great Britain, less than half this quantibj 
being produced in the Lancashire district. Since 18J 
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the expansion of this indnRtry has been enormous, Mr. 
GosBAge eetimoting it ae having doubled, up to 1870, and 
calculatiug that the produce of the Lancashire district 
in that year eqnoUed the whole quantity produced in 
Great Britain in 1852. In 1867 the declared value of 
soap exported amoonted to 289,206Z., representing 
219,373 cwt. 

England, no doubt, still stands foremost in the mann- 
fitcturo of soap, an industry of which we may be justly 
proud, if the dictum be true that the production of that 
Bubstance affords a direct measure of civilization. As, 
however, the fats and oils, which are the more costly of 
the two Iciuds of materials used in Boap hoUiug, ore, in 
the main, imported into this country, it is chiefly to the 
oheap manufnctare of soda that our activity in this 
industry is at present due. But if it should happen 
that our production of soap should fall below that of 
other nations, we moy feel pretty sure that our con- 
Bumption of this commodity per head of the population 
will still remain as relatively great as it is at present. 
It should be mentioned, that soap boiling enables many 
waste, oily, and fatty residues and by-products to be 
nsefully employed. Such matters are the tallow-oil 
removed by strong pressure in the preparation of hard 
fat from tallow, and tho recovered grease from the 
washing of wool. 

I have not entered into details os to the prepara- 
tion of the lyes or alkaline liquors employed in the 
manufacture of soaps, as I have described what is prac- 
tically the same operation in speaking of caustic potash 
and soda. 



THE MINOR CHEMICAL PEODUCTS OF 

GEEAT BEITAJH". 
Br Prof. Cuinwn, M.A^ F.CS.. The Agviculiural College, 



Although the TJiiitod Eingdum maiotimis its j 
eminence ovor all othor countriee ia the number ani 
magnitude of its vitriol aud alkali works, yet this is & 
from being the case with respect to factories devoted ti 
tiie finet and moro delicate preparations of the c 
Hero German, Freuob, and Austrian manufucturera a 
ahead of our own, and still continue to make remarki 
able progress. If a rare and curious su 
covered hy a scientific chemist, and made in his laborK 
toiy painfullj, grain bj grain, be found useful in med 
cine or dyeing, or some other art, straightway the fc 
manufacturing cbeioist makes it, not>by the ounce o 
pound merely, but by the hundredweight, or even 1^ 
the ton. This is particularly the cflBo with buo 
chemical products as are generally called " organio' 
products, that is, of which the element carbon ie h 
important constituent. The Biiceess of foreign mouD 
facturing ohemieta in this direction may be acconnt© 
for without difficulty. One reason is to be found in th 
cheapncBS of pure alcohol or spirit of wine, so necet 
sary in the preparation or purification of most of th 
products to which I am now referring, but I cannc 
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help thinking ibat tlio chief reason is of quite a difieront 
eort. To foreign chemical works a sound, well- trained, 
scientific chemist is attached, with a salary of perhaps 
300Z. or 350i. a year. Sometimes several euch chemists 
are employed by one manufacturer to improve old 
methods of manufacture, aud to discover neir ones. 
According to Dr. Lunge, of the Ifewcaetle Chemical 
Society, one German chemical factory has six assistant' 
Dhemtsta (not practical managers), and one chief chemist, 
a dietinguishod man of scientific reputation, to whom is 
given a salary approaching 2000^. a year, simply for 
investigation and original work in the laboratory, not 
forsnperintonding the manufactnring operations. Two 
points connected with the products of these Conti- 
nental factories are of special interest: one being tho 
fact that, much of the crude material necessaiy for 
making some of these products ia exported from 
£higland for that purpose ; and another point is that 
ihe original discoveries on which some of these indus- 
tries have been basod were made in our own country. 
Bat it must not be supposed that England turns ont 
nons of the finer and more exquisite products of the 
laboratory. One of the most original and brilliant 
chemical thinkers of tho day, Mr. W. H. Perkin, the dis- 
cover«r of manvc, has for a long time been the chief of a 
colour works, second to none in the variety and beauty 
of its products ; and other names, scarcely less dia- 
tingnished, might be here given. I propose, in fact, 
to illustrate some of these minor, yet most valuable 
and interesting, departments of cltomical industry, by 
J Bjalection of about a score of impoitimt «ii:ft»lu:&£Rft, 
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tbe names at least of irliich are familiar to tLe general 
reader. I shall arrange these prodncts, in defanlt o 
better system, is alphabetical order, grouping togeth^ 
the minor acids, then passing on to alcohol and i 
derivatives, and so forth. 

The Preparation o/Oie Minor Aeid». — Acetic aeid, (» 
vinegar, is very eitensiTely prepared in the Unitej 
Kingdom, parti j by the older process uf the ozidBtioti o 
weak alcoholic liquids, and partly by the newer methoi 
of the destmctiTc distillatioD of vegetable matter ii 
the form of wood chips and shavings. Molt rinegs 
and wine vinegar are the prodncts of the first>-aame< 
change, while the wood vinegar obtained by the latte 
process is sometimes termed pyrolignooiis acid, thou^ 
more frequently it is called vinegar, c 
vinegar, when a little extract of malt has been itdd«( 
to it. In the preparation of acetic acid from alcoholic 
liquids, the action is ono of oxidation, one molecule Q 
pure or absolute alcohol taking np two atoms of oxygen 
aud producing one molecule of pure acetic acid a 
one of water, thus : 

C.H,0 + O, = C,H,0. + H,0. 

AiciihuL Acetic Add. 

Ten parts of alcohol by weight should yield just 1 
parts of acetic acid, but eome loss inevitably ocean 
The alcoholic liqnid must not be too strong (about 1 
per cent, answers well), the temperature also must I 
kept between certain limits, as below 45° F. acetificatdol 
does not take j-lace, and at temperatures of 95" to 140^ 
though the action is rapid, much loss of alcohol, a 
mjU^rodnc^ aldehyde 8.nd vx/aa u 
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Bccees of air to the liquid is also essential, and tho 
coidation must bo started by some substance itaelf 
undergoing change, or which can act as a carrier of 
oxygen, such as the vinegar fungus, or platinum black. 
In the preparation of acetic acid from wood, non- 
reamona wood {such as beech) is submitted to de- 
stmctive diatillatiou, whereby while some charcoal 
remains behind, many aew carbon compounds are die* 
tilled, over. Acetone, a volatile spirit, having a 
powerful solvent action on fats, is one of these ; wood 
spirit, or methylic alcohol (CH^O), ia another ; and a 
third and very abundant product is acetic acid. As 
aoetic acid unites with alkalies to form fixed saita, the 
alkaline acetates, it may be separated front oooom- 
panying volatile matters by saturating the original 
liquid distillate with lime, distilling again to separate 
and obtain acetone and methylic alcohol, and then 
slightly roasting the residual calcium acetate (acetate 
of lime). Thus impurities are charred and made in- 
soluble in water, while ike calcium acetate is dissolved 
out by water, decomposed by sulphuric or hydrochloric 
aoid, and again distilled. The names of twenty-nine 
mauufacturors of acetic acid arc given in the ' Chemical 
Uimufactiirers' Directory ' for 1871, but this number is 
nitich below the truth. 

Oilrie acid, the acid of many fruits, and notably of 
lemons, is made from imported products in considerable 
quantities. It is used in medicinal preparations, in 
dyeing and calico priutisg, &q, Xt ia mode partly 
from concentrated lemon juice, and partly from the 
otado oalcitua oitrate, imported from &m\^ m^^'^^s'L'i^ 
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Italy aati France. One Loniiloii maDnfactnrer mokes 
about 60 tone of cr^rstallizcd citric acid every year, 
and lias occaeiunall; mode as much as 100 toDH. Ca1-> 
cium citrate is first prepared, and then this salt is 
decomiMfflod by anlphurie acid, and the citric acid 
then set free. Citric acid ie CgHsOji HO^. 

Tartaric acid, another vegetable acid, much resom- 
bliug the citric, ia made &om wine leoB aud from argol, 
the deposit of wine casks, or from tartar. Themann&c- 
tnriog chemist alluded to in the last paragraph makes 
umnally about 400 tons of tartaric acid, and once made 
as [much aa 478 tons in the year. There are bat few 
makerB of theao two last-named acids in the Uoited 
Kingdom. Both acids are applied to similar uaes ia 
the arts. Tartaric aoid is C^H^Og. 

Oxalic acid not only occurs in plants (sorrel, docks, 
rhubarb) natnrally, but may bo rea'iily made from 
vegetable tissnoe by a cheap process, that of heating 
such a material as sandaet with a mixture of caustic 
Hoda and potash ; the operation is conducted thus : a 
strong solution of the mixed caustic alkalies (NaHO 
and KHO) is prepared (the former base being to the 
latter in the proportion 2 to 1); this liquid should 
have a specific gravity of about 1-35. Into this alka- 
line liquor sawdust is dropped, with constant stirring, 
till a thick paste has been formed. The mixture, placed 
upon iron trays in thin layers, ia heated to a tempera- 
ture not oxceetUng 200° C. (392° F.), until a sample is 
found to be wholly soluble in water. Further heating 
is still necessary, for although the cellulose and fibre of 
the wood have wholly disappeared, bnt little ozalata 
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liftB yet beon formed. By prolonged lieating at the 
Bame temperature, the dry mass acriuirea each riclmera 
in sodium oxalate, as to yield about one quarter of its 
weight of crystallized oxalic acid G.^E.^^'^i-^-'^^'^)- 
The sodium oxalate first formed remains undissolved 
when the roasted mass is treated with a limited amount 
of cold water ; and by subsequent conversion into a 
calcium salt and decomposition of that compound by 
dilate sulphuric acid, the sodium oxalate is made to 
yield oxalic acid itself. Sawdust gives nearly half its 
weight of oxalic acid when submitted to the above 
treatment, while the alkalies used are almost wholly 
recovered foi subsequent repetitions of the same opera- 
tion. Oiolio acid is largely used in the preparation of 
other chemical products, in analytical chemistry, and in 
dyeing and calico printing. It is said that not less than 
3 tons are the weekly produce of a single well-known 
chemical works, where the artificiol process just de- 
scribed is carried on ; it may be imagined that the 
tedious and costly old method for extracting this acid 
from docks, sorrel, and other plants, so long carried on 
in the Black Forest and similar localities, is giving 
way before the new process. 

Carholia acid, phenol or phenyl hydrate (OjHjHO), 
is a substance closely allied in chemical relationships 
ftnd physical properties to the creasote of wood-tar. 
It is a powerful and useful deodorizer and disinfectant, 
especially when employed in conjunction with the 
fumes of burning sulphur (SOj) or solutions of the sul- 
phites, or these compounds in the solid form — lime, 
toe instance, portly saturated with carbolic and QoitL^ 
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witli aulpliurons acid. Carbolic acid is preveDtive 
. of decay. Carbclic ooid, though more ueiLrlj related 
to the alcohols thnn to the acids, may be readily 
dissolved from the mixture of uc^utml hydrocarboni 
with which it is neoociated in heavy coal-tar oil (its 
«hief Boiirco) by means of a solution of an alkali, 
Buoh as Boda. In this way a sodimn oarholate, 
Bolublo is water, is formed, while the other matlan 
present remain undissolved, with the exception of 
small quantities of two other similar acids (creosote 
CjB),0, and phlorol CgHioO), traces of naphthaKn, 
Ac. From its solution in soda the crude carbolic acid 
may be separated by the addition of sulphurie b.<AA 
and then by further treatment may at last be obtained 
OS a white crystalline solid, fusing at 41° C, boiling at 
186°, and dissoWing in 24 parts of cold water. It loay 
bo rendered quite pure (for use in medicine and den- 
tistry) by adding tho purest commercial acid to snch 
quantity of cold water as is inenfficiont to dissolve thft 
whole of it, filtering the solution, and then adding 
excess of common salt to it : the pure carbolic acid 
floating to the top is drawn off, distilled, and perfumed' 
with a little geranium oil. It is stated that more than 
half the best carbolic acid of commerco is c 
in the preparation of certain coal-tar colours, as piciio 
or carbazotic acid and coralline, and of tho alkaline 
picmtes used as fulminating and cxplosivo powders; 
This picric acid just named was once mode &om 
indigo, then from the red resin of Xanthorrhea hastilis," 
but now it is chiefly prepared by tho action of nitrioi 
Msid npon a salt of salpho-phenic acid, this lattez 
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pound lieing formed when cwbolio acid ia dissolved in 
oU of vitriol. Picric acid (OaHj, SNO.^, O) is a bright 
yellow crystallizod acid of a powerful bittor taste, and 
capable of dyeing animal fibres of a permanent yellow. 

Anuinget other organic acids I may here just name 
a few of coDBiderable importance in the arts. Snob 
are : hemoir, from tbe resin benzoin, and also made from 
the bippurie acid of cow's urine; hydrocyanic or 
praseic acid; pyrogallic acid, obtained by heating nut- 
galls; with <7aZ/ic and tannic acids, from the same source; 
and valerianic aeid, now mode by the oxidation of the 
corresponding alcohol, known aa amyl-nlcohol, and 
occurring ia potato spirit. 

Of mineral or inorganic acids I have described on 
preceding pages only those which are manufactured 
on a scale of great magnitude, but several others ore 
now applied to special uses in chemical processes or in 
medicine. Such are boracic and cJiromic acids, arsenic 
acid, miA^hdic acid, and photphorie aeid. Tbeae acids 
are prepared and sold either in the sulid state or in the 
form of solutions of known fitrengtb. They are lite- 
wise employed in the form of salts, of which the number 

In order to give some idea of the multitude of 
ohemieal preparations which are now manufactured in 
Great Britain, I will arrange in alphabcticul order a 
dozen or so of the moat important omongEt them, adding 
a word or two of comment on each item in my list. 

Acetone (C^HjO), a by-product in the inanuf4M;turo of 
wood vinegar, is at once related to acetic acid and wood 
qorit; it is a thin liquid of pTmgBQt,\)U'(. ^a^ \ixc^Uwc- 
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I Butt etherinl odour, and is a very useful Bolvent for the 
I removal of grease, Ac, from fabrics. 
I Alcohol. — Besidee common alcohol and wood spirit, 
t several other alcohols of the samo Eories are produced 
I in the fermentatioii of sugarB from ilifTcreiit eourcee. 
I Some of these alcohols are used in the manufacture of 
L artificial fruit-esscncos, those for instance of pear, 
r eognao, pineapple, &c. These essencea are generally 
I the ethers of acids of the riuegar series, and are much 
ft OBod in. the proparatiou of British liq^ueure and of con- 
I feotionory. 

I Anlhracen (CnHm) and naphllialin (C,uHg) are solid 
hydrocarbons from coal tar, to which much attention 
hag been paid lately, siuce a large range of coloniing 
matters can be obtained from them by oxidation, &c. 
Anthracen is peculiarly interesting from this point of 
view, since alharin, the natural red colouring snb- 
Bionce of madder root (Turkey red), is already made 
from it in such quantity aB to replace about one-thild 
I fd the quantity of the natural dye annnally used. 

Benzol (CoH,) and tduol (CjHj) are liquid hydro- 

I earbonB found in light coal naphtha. Mauve, magenta, 

T K&d many othor brilliant artificial colouring matters 

are derived from these hydrocarbons after they hare 

been converted into nitro-oom pounds (CjH^NOa -j- 

I 0,n,NOi,), and tlien into bases (C^HsHjN and 

Garhon digulpJiide (CSj), made by distilling snlphur 
over rod-hot charcoal, is much used for extracting oils, 
I fitts, and parafSns from seeds, residues, &a. 

Chlorai (CjHClaO) and chloral hydrate (CjHClgOH^) ^ 



MINOR CHEMICAL F-iEODUCTS. 93 

are prepared by passing dry chlorine gas through ab- 
eolnto alcohol for many hours — the latter compoasd, 
which is solid, being obtained by hjdrating the former, 
which is liquid. Chloral is an ezoellent scdatiTe and 
soporific, and is now niaanfactnrcd in immense qnan- 
titiea in Germany, tliough extensively used in this 
country, and at oue time prepared here to some extent. 

Chloroform (CHOI:,) is closely related to chloral 
It ia made by distilling alcohol, water, and bleaching 
powder together. Its great value aa an anfestbetio is 
well known. Sir T. Simpson, in bis work on Acu- 
pressure, published in 1863, says, " In Great Britain 
there are various ostablishmGnta for the manufacture 
of chloroform. I know of one — that of Messrs Duncan, 
Flockhart, and Co., of Edinburgh — whore every day as 
many as 4000 doses of chloroform are regularly made." 
From inquiries recently made of this firm I learn that 
they now (October, 1874) manufacture daily about 
7000 doses. 

Ether ([CiHj]„0), commonly called sulphnrico ther, 
is prepared by the action of a limited quantity of 
snlpharic acid upon alcohol. Although its nee for pro- 
ducing insensibility to pain has become quite secondary, 
through the introduction of chloroform and of nitrons 
oxide, yet ether is still much employed in medicine, 
Machines for producing ice and cooling worts have 
been deviled, in which the cold obtained is due to the 
eyaporation of ether ; while the solvent power of this 
very volatile liquid has led to its use for extracting 
and purifying oils, essences, and active principles 
(sueh as alkaloids), from various vegetable products. 
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GlyeerinB (0„H„ H,0,), which I haye alrcBd| 
noticed in desuribitig the manufiLcture of soap, is bIw 
a by-product iu the puriScation of the fats used in ti 
manufoiiture of candles. It is mode in large quantit; 

and of excellent (luality in this country. Glycerin 
treated with a mixture of nitric and sulphni 
yielda nitro-glycerine, and is itself eitensiyely i 
in medicine and surgery. 

Although the enormous and ever-increasing c 
of manufiictui'ing chemistry shows its national import 
anee, tho space at my disposal and the scope of t 
present work prevent me from giving particulars o 
oeming niimy of its valuable and interesting prodncb^ 
which I should have wished to notice. I should lilu 
to have refurred to the element iodine (fron 
and its Halts — 51 tons of this element were producei 
in Great Britain, chiefly in Glasgow, in 1871; 
bromine; to many curious and useful metallic com^ 
pounds; to such a liquid as hydrogen peroiida 
(HjOa), used, among other purposes, for giving I 
golden hue to human hair ; and to tlio varioi 
bases, or alkainids, such as quinine, strychnine, &otJ 
I cannot, however, refrain from saying a few \ 
concerning a material which is produced yearly i: 
vast and increasing quantities, and by which chemistry" 
has conferred a very great benefit upon the important 
art of agriculture. The amnufacture of Siiperphogphalv 
of Lime dates back about thirty years, and i 
a suggestion of Liebig's. Now the quantities of tluK 
I artificial manure made in Great Britain will hardly bft 
. credited. One manure company near Londoi 
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Annually moro thaa 40,000 tons of superphosphate, 
or of miied mannres largely consisting of that sub- 
stanco. According to tho ' Chemical Direttory,' there 
are one hundred and twenty manufaoturerB of this 
roanirre in England and Scotland alone, I have been 
fiu^shed with very esact information as to the condi- 
tion of this important iodustry in Ireland through the 
kindness of Mr. J, Smithson, who informs me that 
Messrs. Gioulding and Co., of Dublin and Cork, make 
nearly 16,000 tons of chemical manure (the basis 
being superphosphate) annually, while five other Irish 
firms together turn out every year about 15.000 tons. 
As the manufacture of superphosphate involves the 
employment of an amount of sulphuric acid (of spec. 
grav. 1'5 to 1'7) nearly equal in weight to the 
phosphatic materinls used, it will be seen that much 
oil of vitrol is conKumed in the production of this 
manure. The London woi'ka before referred to make 
and consume about 20,000 tons annually of sulphuric 
acid fur tliis porpose ; while the Irish firms above 
mentioned make about 12,000 tons of acid (of ppoc. 
grav. 1-5) altogether. The phosphatic subatances 
which form the basis of saperphosphate are very 
nnmeroua, but thoBe most largely employed are bone 
ash, coprolitea, Carolina ])hosphate, different varieties 
of the mineral apatite, and phosphatic guanos from 
aeveral localities. The' percentage of tricalcic phos- 
phate (true bone-earth), or its equivalent in other 
phosphates, present in these materials varies from 
50 to 90 per cent. This tricalcic phosphato becomes 
oonverted into the monocolcic by the action of eul- 



96 BRITISH MANUFACTURING INDUSTRIES. 

phnric acid ; of the latter salt a good superphosphate 
shonld contain not less than 20 per cent., equal to 
26*6 parts of hone-earth made solnhle. Monocalcic 
phosphate soon hecomes insolnhle in contact with earth, 
but before this happens it has diffiised itself more 
widely and fertilized a greater mass of soil th^n even 
the most finely-ground tricaloio phosphate could have 
done. It is, moreover, in such a physical condition, 
even when re-precipitated in the soil, as to be readily 
assimilated by vegetation. 

Other chemical manures have been already discussed 
under the heads of '' Potash Salts," '' Ammonia Salts," 
and « Nitrates." 
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OILS AND CANDLES. 

Bt W. Mjttieu Williams, F.C.S., F.R.A.S. 

I ^chemiats aiid the older chemista used the term 
oil to deeignnte any liquid that flowed sluggishly, 
and preHented a, slight degree of tenacity or viscosity. 
Thna sulphurio acid was inclndcd among their oils, 
and bore the yet Burviving name of " oil of vitriol," 
simply on account of its limited fluidity. The word 
oleaginoDS is still used in the same sense, aud thft 
popniar idea of an oil remains ncaily the same as thai 
held by the alchemists. 

The oils of the modem chemist include liquids 
thot are not at all olcaginons in thoir mechanical pro- 
perties, and many substances which in their ordinary 
state are solid. These oils resemble each other in the 
feet that they are mainly or wholly composed of carbon 
and bydrogen, and are consequently inflammable, burn- 
ing with flames of ■rarying dogreos of brightness, and 
producing by their free and full combustion, i, e. by 
their complete combination with oxygen, water and 
carbonic acid, A liquid may be oleaginous in appear- 
ance, and even greasy to the touch, but is not included 
among the oils of modern chemists, unless it also has 
the above-stated chemical composition ond properties. 

The varieties of such oils are almost innumerable, 
as nearly every species of animal and every species of 
jfUoit produces an oil having some speoiftu gecnlia-cil;^ 
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of itB own. Besides these, there axe the so-called 
" mineral oils," which flow spontaceoosly &om coitain 
rocks, or are obtained by the distillation of coal, shale, 
asphalte.&c. As thcBO arederivedoriginallyfromToge- 
table and animttl fossils, they would be more correctly 
called " fossil oils." Tlios all oils ore of organic origin ; 
■11 are formed by the organic rodnction or "nnbnrning" 
of carbonic acid and water, and whon bnmed or reotHC- 
bined with oxygen, they rctom to these componnde. 

Compound bodies may be doeomposod by the simple 
kppliuation of heat, without combustion or other dio- 
turbing chemical affinity, and this kind of decomposi' 
tion is now called " dissooifttion." Thus water, or rather 
steam, when heated sufficiently, is resolved into its ' 
constituent elements, hydrogen and oxygen ; ondes of 
metals are similarly reduced, and every other chemicsil 
compound that has been eufBciently tested yields to 
the disBOToring energies of the great repulsive agent, 
though the temperature at which this occurs varies im- 
mensely. In the case of the oQs, the temperature of 
dissociation may bo above or below their boiling point. 

In the first case, the oQ may be converted into 
vapour, and distilled without deoomposiKon ; but when 
the temperature of dissociation is below the boiling 
point, it becomes decomposed, aud more or less com- 
pletely earboaizod, if wo attempt to vaponrize it by 
boiling it under ordinary atmospheric pressure. 

The customary classification of oils is based upon 
this difference. Those which decompose at a lower 
temperature than their boiling points are called '* fixed 
oils;" those which may be boiled and vaponrized with- 
out deoompoBitioa ate caWed " DulalUe uila" 



OILS AWD CANDLES. 



^^^Tle fixed oils pass by insensible gradationB from 
' oils tbat are liquid &t ordincu-y temperatures to the 
solid fats, tliis difference being simply due to the tem- 
perature of the melting point. If a. fired oil ordinarily 
' liquid, snch as olive or sperm oil, is sufBciently cooled, 
it becomes a solid fat ; wMIe if o solid fat, such as 
I lard, IB heated, it hecomee a liquid oil. i 
I The volatile oils are usually more limpid than the 

f fixed. Many of them are as nearly related to the 
] resinB as the liquid fixed oile are to the solid fate, and 
I their relationship is of a similar nature ; hence a difE- 
I culty arises when we attempt to draw the line of clas- 
I sification separating the volatile oils from the resins, 
i and &om certain other solid and volatile hydrocarbons, 
BDch as parafGn, naphthalene, &c. The volatile oils 
are more or less aromatic, the aroma being osually that 
Hhicb is characteristic of the plant from which they 
are derived, but more intense or concentrated. Hence 
tiiey were regarded by the old chemists as the subtle 
essence of the plant, and the name "essential oils" is 
j etill applied to them. The common practice of describ- 
I ing tho volatile oils and essential oils as synonymous, 
; is not, however, correct, as there are volatile oils which 
\ are not essential oils, sucb, for example, as petroleum 
f and the " paraffin " olIb. 

I To determine whether an oil is fixed or volatile, let 

I a drop fall upon a piece of clean blotting paper, and 
I heat the paper until it is slightly charred. If the oil 
disappears leaving no stain behind, it is all volatile ; if 
I a greasy spot remains, it is wholly or partially fixed. 
L Animal oils are for the most part fixed, only a small 
kMH^er of rohtile animal oils being al ^ 
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such as civet, which is BeoreteJ by a gland neaj 
anus of the civet cat ; castoreum, eimilarly secreted by 
the beaver ; the oil of ants, obtained b.& a reaidue whM 
ante are diatilled with water ; and ambergris, an aro- 
matic gemi-reatnous substance, of diBputed origin, found, 
on the coasts and floating on the aeo in tropical eli- 
niatea, and aleo in the intcetinos of the eperm whale^ 
and in some fishes. A few others are known, bat hava 
not been well studied. It is quite possible that fnrther 
inveatigation may reveal many more, as the peculiar 
odour of many animals, like that of plants, is probably 
duo to tho vapour of a volatile oil or resin. 

Most of the volatile oils at present known are of 
vegetable origin ; they are hydrocarboiiB, or miztaies 
of hydrocarbons with complex compounds of cBrbo% 
hydrogen, and oxygen, or simply with smoll propor- 
tions of sulphur, nitrogen, or oxygen. Their Tapout 
renders them more easily inflammable than the fixej 
oils ; they dissolve freely in alcohol and ether, an4 
very sparingly in water. Those containing Bulphui 
usually have acrid and pungent properties, such as ths 
oil of mustard, horseradish, garlic, &c. The c 
found in some of these oils is regarded aa on impnritg 
arising from the admixture of other vegetable matter. 

]t[any volatile oils, when cooled sufficiently, separatt 
into a solid and a liquid. Tho solid is rosinone c 
camphor-like, and is called a camplior or a stearopten 
while the portion which remains liquid has been nanii 
an elwoptene. These solid and liquid constituents a 
sometimes described as chemically combiued, at 
analogous to the fatty acids and the glycerine of £ 
; but this I think is hicoimc^i. K\\ ftic ■^'AsSAla oi 
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a«t M Bolyents to tie resinB and camphors to which 
I they are moet nearly allied, and an ordinary or natural 
eBBential oil, capable of the separation ahovo described, 
appears to bo merely a solntiou of the st«aroptene in 
its own clffioptece. 
' llBBential oils are extracted from flowers and other 

parts of plants : first, by pressure (or expressioa) ; 
' second, by solution and distillation ; third, by macera- 
tion ; fourth, by absorption. 

Simple pressure is only efficient where a portion of 
the plant is very rich in oil, as orange-peel, &c. 

Solution and distillation are usually combined, as 
direct distillation of the dry vegetable matter com- 
monly prodnces charring and partial decompositioa or 
alteration of the oil. The petals or other parts of the 
, plant containing the oil may be immersed in water in 
I the retort or still, or they may be luid upon a per- 
L fonted false bottom above the level of the water. In, 
I the first case, the oil is dissolved or washed out, and 

ithe vapoiiTS of oil and water. distilled over and con- 
deneed together ; in the second, the oil is volatilized 
by the steam, and passes over to the condenser along 
with it. When the boiling point of the oil is high, 
I salt is added to the water to raise its boiling point 
near to that of the oil, but in all cases it is fonnd 
, poseible to distil oils at a lower temperature than 
j their boiling points by diffusing their vapour through 
that of water. If the water which thnB distils over 
carries with it mote oil than it is capable of dis- 
solving, the excess is separated by standing, and is 
■ taken ofT ; hut if the water is nnder-satarated, tlu. 
■MlUsfo is returaeA to the still, onft ic^s.'ii{)\i^'«^^ 
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a &i3Bh portion of tlie substance containing the oil, Eind:' 
this procosB of " cohobatioa " is repeated nutil thS' 
nator iB saturated or auper-sftturatod. 

Formorlj tho stills were heated by placing thent 
directly over a fire, but the modem practice ia to beat" 
tbem bj steam. 

Tho loss yolatilo ussentinl oils and the camphoi 
extracted by solution in alcohol or ether, from which 
they aro afterwards separated by evaporating the Bpiiib, 

The oil contained in many gum-resins, 
myrrh, &g., is but partially obtainable by difitillati<d 
with water, on account of the gummy matter in whlob 
it is enveloped. Such gum-roBins are pulverized &&$ 
oxbansted two, three, or more times in cold aloohol, iof 
which they are allowed to remain for some time, i 
frequently agitated. They are then placed in an opeH' 
retort, and kept for some weeks or months 
warmed till the greater part of the alcohol i 
porated. The impure residue is then covered witb' 
water and slowly distilled. 

The petals of many of the sweetest flowers refuse ta: 
yield their concentrated perfume, either by distillation' 
alone or with water, or by solution in alcohol or ether, 
but will give it up to oils or liquid fats by maceration, 
or soaking in them from twelve to forty-eight hours, <a. 
longer. Olive oil, beef suet, deer suet, and pure lar4' 
are used for this purpose, either nlone or mixed lit 
suitable proportions. The fat is strained from the 
spent flowere and then supplied with fresh flowei^ 
and the maceration repeated tea or twelve time 
easeDtial oil is sepuftted by agitating the fatty oil t 
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bly-rectified alcohol. Pomades may' be directly 
perftuned in this manner. 

Abeorption, or " enfleurage," is adopted for sepa- 
rating the most delicate of the perfumes. Cotton cloths 
soaked in olive oil are spread on frames of wire gaaze. 
and the bade sprinkled on them, then, piled on each 
other, and left for several hours or days, tho oil being 
afterwards pressed from tho cotton. Or a film of fat, 
aboQt a qnarter of an inch thick, is spread OTor the 
glass bottom of a shallow frame called a " ckagms" 
and the huds sprinkled on these. The frames are 
piled, and left from twelve to soveuty-two hours ; and 
this is repeated untU the fat is saturated. 

These processes commonly produce & mixture of two 
or more oUs with varying boiling points. The more 
volatile is usually a pure hydrocarbon, the other au 
oil containing oxygen, or a camphor. These may be 
separated by " fniational distillation," i. e. distilling 
first at a low and then at a higher temperature, accord- 
ing to the boiling points of the oil required. 

These devices of the perfumer are now becoming 
somewhat antiquated, or but rarely practised, as modem 
chemistry enables us to make strange transformations 
among the hydroearhona and other organic compounds, 
and thereby to obtain many sweet perfumes with com- 
parative ease and cheapness from substances having 
originally very different — even very foul and abomi- 
nable odours. 

The following Table shows the specific gravity and 
boUing points of the hydrocarbons from some of the 
more important essential oils : 
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Sooroe of Hydrocarbon. 



Orange-peel 

Cedrat 
Lemon 
Bergamot 



Florence 



Florence 



Neroli 

Petit ^rain 

Garroway, Hamburg, Ist difit. 

Dill 

Gascarilla 

Elder 

Bay 

Graultheriline 

Nutmeg 

„ Penang 

Carvene 

Wormwood 

Terebene 

Anise 

Mint 

Peppermint 

Lauret turpentine 

Thyme 

Turpentine, Ist 

2nd 

3rd 

4th 

Eucalyptus Amygdalina . . 

Myrtle 

Parsley 

Bosemary 

Cloves 

Rosewood 

Cubebs 

Oalamus 

Gascarilla 

Patchouli 



n 



»» 



>» 



Penang 
French 



Colopbene 



Specific Gravity 


Boiling 


ftt2o°a 


Points. 




deg. Fahr. 




8460 


345 




8468 


345 




8466 


343 




-8468 


343 


i 


-8466 


347 




-8464 


349 




8466 


343 




8470 


345 




8466 


349 




8467 


343 




■8467 


341 


1 


-8468 


341 




-8508 


340 


1 

1 


-8510 


334 


1 

1 


-8518 


332 




-8527 


330 




•8530 


330 




•8565 


320 




-8583 


320 




-8580 


320 




-8600 


320 




-8602 


347 




•8618 


320 


1 

1 


•8635 


320 


1 


•8644 


320 




•8555 


320 




•8614 


320 




•8600 


320 




-8642 


340 




•8690 


325 


1 


-8732 


320 




-8805 


325 




•9041 


480 


1 


-9042 


480 




9062 


500 


< 


'9180 


500 




-9212 


489 




9211 


489 




9278 


495 




9255 


500 




9321 


599 
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Many of the volatile oils are colourless ; othere are 
yellow, rediliah, or brown ; and a few are green or blue. 
All have characteTistic odouTB; oome agreeablo, others 
nnpleasant, with a sharp burning aromatic taste. As 
Already etatcd, they are not fjireasy like the fixed oils, 
bat have the opposite effect on the skin, matdng it 
rongh and brittle. Most of them wheu espoaed to the 
sir absorb oxygen, and ore partially converted into 
aoetic, benzoic, cin mimic, and other organic ocids, and 
partially into resins, changing from colourless or blue 
to yellow or brown, while at the same time they 
become viscous and lees odoriferoui^. Oils thus altered 
may, by diEtillation, be separated into pure oil, and a 
resinous residue. The absorption of oxygen by dif- 
ferent oils varies very greatly both in quantity and 
rapidity, commencing slowly for the first few days, 
then increasing in rapidity till a maiimmu is reached, 
when it again diminishes, until at last, after some 
months, it becomes imperceptible. 

These changes take place still more energetically 
when the oil is placed in contact with active oxidizing 
agents. 

The fixed oils are divided into drying and non- 
drying, according to their behaviour when freely ex- 
posed to the air. 

The non-drying or greasy oils when quite pure are 
not altered by simple contact with the atmosphere ; but 
in their crude or partially purified condition ordinarily 
gain from 3 to 5 per cent, by exposure to the air; they 
thicken somewliat, turn rancid, and suf&cioQtly acid to 
redden litmua, Thia alteration is doe to em&U. ^ot- 
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tions of foreign vegetable or ftnimnl matter, whioli uA 
ftB fermoiits, and thns effect dccompesition, 

Tlie drTing oils undergo important cbanges: whra 
&eel7 exposed to the air, tliej absorb oxygen, I 
inorease in weight to the extent of 6 or 3 per cent, 
spread out thinly over a large snrface, they becomt 
converted into a peculiarly tough and yellowish vi 
nish, the " medium " of ordinary oil paints. 

These changes are not duo to impurities, but depeoS 
upon the composition of the pure oil. The best lio" 
seed oil, which raay he regarded BB typical of diyinf 
oilfi, contains about 80 per cent, of n eubatance t« 
which the name of "linoleine," or " Ihioxine," haM 
been given. It diSera conaiderahly from stearlse & 
palmitino, the solid constituents of tlio fatty oile, i 
more like a resin or gum-reain, and the film whieh 
it forms when dried resembles that of the vamishet 
made by dissolving resinB and gum-resins, suoh i 
copal, mastic, &c., in spirit or oils. It has, boweva^ 
many advantages over them, being more elastic, much 
tougher, and does not contract in drying. My own 
experiments indicate a slight expansion of the dryins 
film, when linseed oil is used as a medium 
varnish without any admixture of turpentine. 

A varnish composed of a solid resin, or gu 
dissolved in a volatile liquid like tnrpentine or alcohc^ 
must necessarily contract on drying, inasmuch i 
bulk is diminished by the evaporation of the solve 
A pure drying oil, on the contrary, hardens by o 
tion, and gains thereby quite as much, and ] 
more, ihaa it may lose by evaporation. This i 
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important to the paintor, as his medium, when the 
colour is laid on at all thickly, drioB first upon its 
Burface and gradually through. If tliie drying is 
accompanied with ehriakage, and the film is at all 
brittle, the drying of the inner portion draws the har- 
dened surfaco together and cracks it, to the hopeless 
defacement of the painting. Such a cracking of Tiir- 
nieh is quite lamiliai to all painters, and some fine 
pictures have been spoiled by artists mixing their 
oolonrs in copal, mastic, or other vamish media, which 
however briUiant for a time, ultimately become covered 
with a network of cracks, unless the film is of the 
thinnest. If a linseed-oil medium is largely diluted 
with turpentine, the shrinkage due to the evaporation 
of this volatile oil will cause it to crack like the var- 
nish above described. Some osperiments that I made 
a few years ago on the properties of linseed oil led me 
to the conclusion, that the practice of diluting oil 
colonrs with turpentine is altogether vicious and nuK- 
chievous. It is very tempting, no doubt, on account 
of its aid to rapid drying ; but besides rendering the 
linoleine film liable to cracking, it weakens it olto- 
gotber; for when the linseed oil is tbua diluted, the 
quantity of linoleine in proportion to that of pigment 
is of course diminished, and the pigment being of 
itself composed of fine particles of dry solid matter, 
these particles on the drying of the paint are insuffi- 
ciently enveloped and imperfectly bound together by 
the linoleine film, and thus the picture loses its bril- 
liancy, and the colours become flat and dull, or even 
onunble, as the drying becomes Qom^letQ. K cq«& (A 
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vamish may afford a temporary remedy, or rathep 
dtsguiBe, fur this defect, but is a bad and fading sub- 
stitute fur Boaud and brilliant body in the oolonr- 
medium itself. At the recent exhibition of the col- 
lected works of LaudEeer, I was painfully Burprised at 
the fading of aomo of bis finest works, which on 
first exhibition at the Academy were so remarkable 
for their brilliancy, and 1 could not help contrtiBttng 
these changes with the perniaaency of most of the 
works of the old masters. I suspect that turpentine is 
the chief delinquent, and have dwelt upon this matter, 
folly believing that it is very little understood by 
modem artists, and that it is of vital importance to 
the interests of pictorial art. It demands further and 
very careful investigation. 

BesideB the advantiiges derived from the toughness, 
elasticity, and non-shrinkago of the linoleine film, its 
nsefulnoss is increased by its rcmai'kable insolubility, 
I have carefully tested this, and find that it resiBls 
aloohol, turpentine, the fatty oils, wood naphtha, petro- 
leum spirit, mineral naphtha, benzole, and even bisul- 
phide of carbon, applied either hot or cold. Thus, if 
a picture is painted in a pure linseed-oil medium, it 
possible to remove the varnish by either of these 
solvents without injury to the painting, and also to 
clean the picture with safety. The alkalis do act upon 
it ; cauBtic potash and soda readily decomposing and 
Boftening it, while the alkaline carbonates do the i 
bnt much more feebly. Even soap acts upon it slightly 
aud slowly. The more turpentine is used in a paint, 
e readily will aoap remove it, so that frequent 
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nloaimig of painted woodwork with soap aad water may 
nltimatelj bring to light the original surface of the 

Now that the chemist hoa discovered the existence 
of this linoleine na the eBsentiallj usoful principle of 
drying oils, and demonstrated its properties, the 
problem of commercially separating it for artistic nsos 
is fairly presented, and should be solved. Pure lino- 
leine should be obtainable in the liquid state, oDd 
nearly or quite colourleBS, A oonscientioue artist 
who desires his pictures to be permnnent, would pay 
almost any price for the perfect medium which this 
would afford. It would combine all the desiderata of 
brilliancy, nentrality, smoothness, toughness, elasticity, 
and unfading permanency, with rapid drying and facility 
of working. 

la the ordinary " boiled oil " of commerce we have 
a tudo approximation to this desirable separation of 
linoleine. It is prepared by boiling linseed oil for 
Heveral hours with litharge, raising the temperature 
just to the point of incipient disaoeiation, as shown by 
faming and the formation of a top scum, and by the 
carbonization of a feather which is dipped in the oil 
as a test. A heavy sediment falls to the bottom, and 
the clear oil is decanted or filtered &um this. I am 
not awaio that the chemistry of the changee thereby 
effected has been properly studied, but suppose that it 
consists mainly in separating oleic or other fatty acid 
from the oil by combination with the litharge, to form 
an insoluble load soap ; and further, by the partial 
or total decomposition and evaporation of the f^\- 
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oerine. If this ezplanatioD ie correct, the decanted 
boiled oil must be crude or impure liqnid Hnoleine, 
coloured by the curbouization of the decompoeed 
glycerine, &c. 

Magnesia, lime, oxide of zinc, oxide of manga 
and other oxides, capable of forming insoluble sokp^ 
may be used instead of lithiirge. 

The fullowing is a list of the most important of t 
drying oils, of which the first five ore best known 
pTucticolly useful. Moat of the others are very imper- 
fect dryers, and contain more or less of non-drying, 
fatty glyeerides, from which even linseed oil is not 
quite &ee. Their sources and speciiii; gravitieB are 

added; 

Dbyino Oils. 



Poppy oil 
Henip-Betid oil 
Guomaber oil 



Tobaoco-scod oil . 

Grape-seed oil 
Oilof julienue. 

honeat;. 
Oil of L'ami.'lina . , 
Wald-SBtii nil .. .. 
CreBE'Seed oil 
Oil of deadly nightaliade 

OUofMftdi 

OilofScntoL-Braeed .. 
Oil of ulra-flrconH .. 






Pl<mi 






Linum nsitetisBimiim 
Juglajisregioi.. 
Corylua arellann . . 
Papaver Bomnifeium 
Caunabis sntiva 
Cucurbila pepo et mela- 

" 'ianthus atmuus et 



Nicotian 



tabacnm et 



Myagrum sativR .. 
Iteseila luteola 
Lepidiutu Bativum 
Atmpa belladonna 
Madia eativa . , 
I'inuB aylveBtrifl .. 
Abtoa^ea 
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SsmerfOlL 1 Plnnt which yield. 11. 


« I 


OUofspniceBr .. .. 1 AbioB BxwlBia .. .. 
Fatty oil of Bpnioeai .. 1 

Cotttm-Sfed oil • ,. .. , GoBsypium Barbadanse . . 
Castor oil* Biotaoa commuoia.. .. 


a-92» V 

0-9040 ■ 
0-93QG ■ 
0'9639 ■ 


• These iwo an aometlnii* cksBid lilh Ihe noo-ilryliiK oils, being very 
ImperlHt do'cts. 


The non-drying oils are of both animal and vegetable 


ongin, and are of coutrq very numerous, &a the seeds 


or fruits of most plants contain moro or less of oil, 


and all the bigber animals bavo fnt deposited in some 


of their tissues. Tho following list of fatty oils of 


vegetable origin, liko the preceding list of drying oila, 


therefore includes only the more important of the oils 


that are eommorcially extracted and practically used ; 


NoN-iiiiTiNa, OB Greasy Vegetable Oita, 


«.me 0,011. 


Plant whltli rlsOda It. 


Spi-clBa 


Almond oil 

Oilofberi 

ApplB-Bei;d oU .. .. 
Boeuli-nul oil .. ,. 
OacM butter .. .. 
Oil from seed of .. ,. 

Oolwdi ".. 


AmygdaluacommnnU.. 

Pyrua milna. 
Fagus Bjlvatica .. .. 
Thaobrtima cacao . . . . 
Butea frondoBa .. ,. 
Calophyllum inophyllam 
Cft»ariuiu commiLnB. 

oleU-ta. 
Crotoii tiglium .. .. 

Coona micifera. 

Cornus gaoguioeffi. 


O'SIM 

0-9230 
0-8920 
0-9170 
0-9420 

0-9136 


Orotonoil 

OUoCCjpergiBsa 

Cocooniitoil .. .. 
CLBirj-alone oil . , 

OaofBaphEB .. .. 


0-9*26 
0-9180 

O-BUto 
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NOH-DBTTHS Oas — OWlllBUai. 



K„..,C.. 


PlAol nhlch yif Ids 11. 


'^Z. 


Karth-nutoil .. .. 


AtocMb 1i;pogieii . . 


9I80 


Ergot oil 


Secftle cornutara .. .. 


0-93Se 


HouUne-Beedoil.. .. 


Hyoscyroiis nigra .. .. 


0-9130 


Horse-p-hsatnut oil 




0-9150 


Uuteloil 


LnuruB nobilis. 




Mosimoil 


Meauaferrea 


0'9S4D 


Blafk nmatard oil .. 


SinapiB nigra 


0-9210 


White niuBUrd oil 


BinapiBalba 




OilfromBeedof .. .. 


Nigellu satJTSi 


0-9200 


Palm oil 


Cocoa butymcea vel 
avoiia elaiB. 


0-9680 


Oil rrom mot nod eced of 


Fetroselitium antiTum . . 


0-B3M 


ParBleyoil 


1-07B0 


PioeyMlow .. .. 


Tntem Indii'a .. .. 


0-326 


Plnm-kemel oil .. ,. 


Prunufi domeatioa .. .. 


0-9127 


Oil ii^m seed of .. .. 


PoDgfljnia glabra . . 


0-0150 


Summer rape oil .. .. 


Braasica prtBooi .. .. 


0-915S 


Winter rape oU .. .. 


BrBssioft napas .. .. 


0'9165 


Oil of radish Beed 


Kaphanaa aatiraa oieifera 


0-9187 


SesBmtoil 


BeBamnm orienlale 


099*1 


Spiadlo-tree oil .. .. 


EuonymuB EuropiBUB ., 


0-9571 


Spurge oil 

Oil from seed of .. .. 


Euphorbia luttiyrifl .. 


0-9261 


SteroullR fBBtida .. .. 


0-9230 


Tiiea Qud Himellia oils 




0-9270 



To thie liat may bo added; Oils made from the 
nioumber, walcr-melon, pumpkin, bottle-gourd, squash, vaA 
other cucaibitaceaus plants ; the oil of beet-root, oiutard-appte^ 
ATOcado pear, bread nuts, telfaria, ar^nia nuta, hickory ■aa'^ 
pistachio, bean oil, bnffnlo-tree and lime-tree oila. maize oil, i 
a valuable but little-known oil oblained from fha inoorf of gi ^^ 
Bpedea of the Dipten/caTp^s, large trees groining in Coohin GiAnai 
Chitlftgong, Pegu, tho MElRy lalands, and other conntriBi o|-^^ 
the extitme east of India. It is a resinous ToluCile oil, mnohiuei 
a varnish in the omntries where it ia found, and i1 
be woi 1 by of more attention than it has yet received in tl 
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The mode of prepitring the fixed vegetable oils, 
whether drying or greasy, is nearly the same in all 
caeeB. Tlie fruit or seed is bruiBed or ground, and 
then Bubjected to strong pressure, by placing bags 
filled with the bniiBed mass between the plates of a 
powerful screw or hydraulic press. Steam heat is 
commonly applied, es]ieeiaUy if tho oil has a buttery 
or tallowing consistence at ordinary temperatureB, 
The oil thus expressed is either filtered oi allowed to 
clariiy itself by subsidence, or impurities may be re- 
moved by agitation in boiling water and subsequent 
shisuning off of the oil. 

Another method of preparation is by boiling the 
bntiaed seed in water, and skimming the separated oil 
aa it rises to the surface. Castor oil is thus prepared 
in the West Indies. Or the bruised seed, &c., is 
mixed with a small quantity of ether or alcohol (one- 
half to the whole weight of tho mass), and after twenty- 
four hours' digestion, the mixture is preaaed, and the 
ether or alcohol separated by careful evaporation. 
This method is only used for the preparation of the 
more expensive medicinal oils. 

The crude oils thus obtained are more or less impme, 
and various moans arc adopted for refining or purifying 
them, such as violent agitation in boiling water, effected 
by forcing high-pressure steam from below through 
tho mixture of oil and water, then clarifying by repose 
and filtration through coarsely powdered charcoal or 
charred bones. In other eases, when the crude oil 
contains foreign vegetable matter, it is agitated with 

e oe two per oent, of strong Bulpbuiit aa-A waWsSw 
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for MTeral daja, when tho oil becomes greenish, and 
deposits mach tarry or carbonised vegetable n 
This and the £roe acid Are washed ont with eteam and 
hot water or a weak alkaline solntion, to nentraliaa 
the free acid, and the oil is left to clarify by repose, at 
i» filtered. Oils aro also pnrificd by means of chlorine, 
nascent mygeo, or hypochlorouB acid, by exposing ■ 
them to the action of a mixture of black oxide of 
manganese and hydrochloric add, or hiack oxide of 
manganeseandsulphurioacid, orasolntion of bleaching 
powder (the so-called " chloride of lime ") and snlphnria • 
acid, and then filtering through charcoal. A strong 
Bolation of tan may be advantageously oaed in 
junction with the above {nsing the tan first if any of 
tho acid processes are adopted) for tho purpose of 
separating the gelatine as a solid precipitate of i 
nate of golatine. 

Chromic acid, which is a powerful oxidizing i^en^ 
is also nsed for tho purification of oile. It is set free 
by adding to bichromate of potassa a Euflicient quantity 
of sulphuric, nitric, or hydrochloric acid, to combins 
with the potassa. Simple filtration through netsty- 
harned charcoal is auffitient for the purification of some 
cmde oils, tlio organic impurities being oxidized "by- 
the gas which is comleneed within the pores of tho' 
charcoal. Many other mi.'thods of purifying oils have 
been devised and patented, moet of them based on 
principle of oxidizing the impurities, and thus c 
verting them into the state of cbarred solid porticlea 
that may be separated by filtration. 
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Rancid oil may be recovered by agitating it in 
boiling water, ami treating it wlion cold with aii 
alkaline eolution just suifleiout in strcDgtb and qnality 
to nentralize the free acid without saponifying the oil. 
As magneBia is feebly alkaline, and does not readily 
combine with the fatty acida, it may be conveniently 
nsed for this purpose by simply mixing the rancid oil 
with a little water and magueeia, and boiling for about 
fifteen minutes. 

Oils that have been refined by any of these processes 
may still be dark in colour, and reiiuire bleaching 
in order to attain thoir full ccmmeiciul value ; and 
tbia may generally be effected by simple oiposnre to 
sunlight. For this purpose the oil ia placed in laige 
shallow tanks, placed under a glass roof like that of a 
greenhouse. Small qnantities may bo bleached by 
exposing glass bnttlcs containing them to the sun- 
light, this bleaching occupying some days or weeks. 
Chlorine, which is so efficient as a general bloachiug 
agent, has a tendency rather to darken than to bleach 
many oik. On this account the chlorine processes of 
refining are but rarely used, or if used at all, demand 
considerable skill and caution. Its activity ia so great 
that it may promote the oxidation net merely of tho 
impurities, bat also of the oil itself. Some oils will 
bear the action of chlorine better than others, and, 
with skilfnl treatment, may be both refined and 
bleached by it. This is the case with palm and cocoa- 
not oils. Chromic acid may in like manner be used 
both as a. refining and bleaching agent. 
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The most important of tbe animal oils are : 
Sperm inl ajid Spermaeeii, derived from the cochalotB 
or sperm whales, mainly from tlie speeiefl named 
Catadon macrocephalus, or PhyBeler macrocephali 
These differ from the whalehono whales in having 
teeth, and an enurmous development of the upper part 
of the head, uliich is about as largo as one-half of the 
bodf, and eorves aa a float to raise the nostril ftbore 
the water, thus enabling the animal to breathe easily. 
In thia are cavities containing a light oil, which is all 
liquid dnriug tlie life of the animal, but which ^ter 
death concretes into a granular yellow Bubstance— 
crude spermaceti, — and exudes the permanently liquid 
sperm oil. The upper part of the head near 
nostril, called " the case," contains the most solid 
spermaceti; the lower portion, or "junk," more o1 
sperm oil. These are also found in mnaller quantities 
in other parts of the body. Sperm oil was formerly 
used to a large extent for lamps, but the eitei 
destruction of the whales has rendered it so scarce and 
espensive, that it is now almost entirely superaedod by 
colza and mineral oils. It is still in demand for the 
lubrication of the spindles of cotton milU, for whiob 
purpose it is superior to any other oil that cai 
procured. In like manner, spermaceti candles are 
almost entirely superseded by paraffin candles, except 
in hot climates and for photometric purposes, for which 
the standard spermaceti candle is still used. 

2Voin oil, or common whale oQ, ia obtained &Din 
the blubber of the halenidm, or toothless whales, of 
wbidh there are many species. The blubber forms as 
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ODter coating or eurelope of the body, protecting these 
warm-blooded, air-breitthing animals from tlie rigour 
of the Arctic seas. It is stripped from tho carcnsB of 
the captnrcd monster, packed in barrels, and brought 
home in a half-patrid state, and emptied into large 
wooden vats of many toas capacity. Here it is allowed 
to aettle for Hoioe hours, after which the decomposing 
&t is ran off into a copper boiler, and the scparatiou 
of the crude oil is completed by the application of 
heat and subsequent pressure of the residue. In the 
more distant fisheries, such as those of the Sonth Hess, 
tbe blubber is boiled down on buard, and only the 
liquid oil brought home. The mouutnin of flesh form- 
ing the Cftreass of the animal is dropped into the sea 
and utterly wasted. 

Quite a new development of the whale fishery hoe 
been recently effected in Arctic Norway, and judging 
&om what I saw when there during the last summer, 
the Greenland whale fishery will find a powerful riyal 
in that of Vadso, in the Varauger Fjord. But a 
few weeks of the season had passed when I saw the 
tbirly-«eventb whale being peeled and cut up, and 
the thirty-eighth floated into the harbour on the same 
day. All these were captured and towed in by two 
small steam-pickets, about aa lai'ge as our common 
tag-boats. 

On the bow of each of these vessels is a small 
swivel gun, from which is fired a compound projectile, 
a harpoon with hinged bai'hs, and a shell which ex- 
plodes in the body of the whale, killing it almost 
ioatwitly. A towing cable i^ then houkod ta 'Jaa -sissi^ 
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of tLe deod-flonting monBter, and he is tngged into tl 
harbotir of Vadsii, and hauled upou a huge incliufij 
plane oi Gltib of wood, whore, in the midst of a stentd 
that is indeBcribnbly loathsome, a number of { 
workmen, armed with hutehets and scythe-like k 
and aided by a powerful wini^h, rip open the belly, 
wind out the stomach and inteHtines, cut away tl 
wbaleboQO, peel off the blubber, and finally hack t 
fleshy carcass into great slabs, which are afterwardl 
dried and ground into a brown powder, now 
Bale under the name of " waal-Jitk-guano." 

The boncB and every other port of the animal t 
here utilized, and thus the valuable produi 
whole is greatly incTeascd, nud the prime cost oS t 
oil proportionally diminiEbed. 

Train oil is obtained in smaller qnantitieB 
the blubber of other marine mammalia or cetacean^ 
such as the porpoise, dolphin, grampus, manatM^ 
dugong, &a. Seal oil is Bimilar, both is origin i 
properties. 

Fi^ oil is obtained from the livers of codfisb, hake^. 
ling, turbot, and other fishes of the family Gadidm, and' 
also from some of the rays, Buch as the common skatoi 
&a. The principal sources of supply are the Newfound- 
land and Loffi]ddca cod fisheries. The bodies of ihm 
fieh are split and salted, chiefly to supply the mniket^ 
of southern Europe, where dried fish is in demand fori 
faet-dftye, the oil from the livers being a secondsT] 
product. The livers are cast into large tubs or T 
and expDEcci to the sun. Ab putrefaction proceeds, thf 
ail is drained off and rudely Boporutod. Tiuu ji 
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i dark coloured, strong and i 
IB largely nsed in tLe dressing of leather. 

Cod-liver oil, now so largely employed in medicinCj is 
the eame, bnt more carofidly prepared by expressing 
the oil &ora freth livors with the aid of gentle hoat. 
When well mado, it may be obtained in nearly the 
same state as that in which it OKists in the liver, viz, 
almost free from odonr, flayour, or colour, 

" Medieine oil " is the name by which the Norwegian 
fiabeTmen distinguish it from the common oil for 
leather dressers. 

PUehard oil is also a Becondary product obtained in 
the course of curing the fish for Bouthern exportation. 
It drains from them when they are heaped or stacked, 
previous to barrelling. 

Lard oil is obtained by pressing hog's lard, or it may 
be separated by alcohol, 100 parts of which dissolve 
123 parts of oil. It is now extensively used as a lubri- 
cant foe machinery. 

Oil of harlehom, DippeU oil, or Oil of honei, is a 
secondary product in the manufacture of bone-blacL 
It is a fetid oil, chiefly used for the maitufactuie of 
lamp-black. 

NeaUfoot oil is prepared by boiling tripe or the feet 
of cattle, and skimming the oil which rises to the 
BOrface of the water ; it is used for softening leather 
and in cookery. Marrom oil closely resembles this. 

Oil of et/ga, prepared by heating, pressing, anij digest- 
ing in alcohol the yolks of eggs, is still in high repute 
in some places as a cure for excoriations, sore nipples, 
&0. OS of earthtoorjM, oU of toorpioTu, oil of addert^ 
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oil of heedea, oil of gilkaonag, and other eimilnr prepata- \ 
tioDB were ouce in repute for their supposed medicinal I 
yirtues, but are now obsolete. 

Animal oils ajid fats are refined or purified by the 
same methods ae already described for the purification 
of the greasy vegetable oils. 

The foundation of otir knowledge of the chemistry of 
the fatty or non-drying oils was laid by M, E. CheTreuL 
His ' Becherchca ChimiqucB sur lea Corps Gras d'origine 
animale,' pubUahcd in a collected form in 1823, is quite 
a classical treatise on this subject, which may be pro- 
fitably studied even at the present day. It is to the 
direct application of the laws revealed by these and sub- 
sequent researches of the pure philosophical cbemista^ 
that we are indebted for oil tiie improvementa in tbft 
modern manufacture of candles. Bushligbts have be- 
come curiosities; enufiers, and groasy tallow candles 
ore abolished, while the costly wax and spermaceti . 
candles of onr youthful recollection Evre superseded by ■ 
elegant and brilliant composite and paraflin candles,, 
as direct consequences uf the technical applications of i 
pure chemistry. 

The &tty oils, whether solid or Uquid, animeJ oi 
vegetable, are, with one or two exceptions, neutral o 
pounds of glycerine with substances to which tho ni 
of "fatty acids" has been applied. These acida are 
composed of carbon, hydrogen, and oxygen, united in 
varying proportions. Some are solid at ordinary tem- 
peratnres, others liquid. The solids are pearly crystal- < 
lino substances, smooth and imctuous to the touch, bnt- 
iiot greasy, while all ore fusible into oily liquids. 
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^^Tte following list 


includos 


most of the iLaturol 


fotty acids with their 
souroee: 


using and boiling points and 


M^ 


IMling 


V^:^ 


,v^....^,-. 










Stearic .. .. 


159 ■ 




Most amtnd faU and 
butlor. 


ppimitic 


143-8 




Palm oil, baiter, beea- 
wriX,&c. 


Oleio .. .. 


57 




Non-drying oila. 


Bulyrio., .. 


below 


314 


Butter, feruioBtation of 
Lietic acid, &o. 




192 




Beisavax. 


Oerotic .. .. 


174 




Bceawax. 




167 




Buttur, oil of groand nut. 


Mjristic '.'. 


129 




Nutmeg butter, uocoBnut 
oU. &a. 


Laurie .. .. 


110 




CocoiDut oil, berrieB of 
tLe bay tree. 


Ratio or Caprio 


86 




Oil of rue by oxida- J 
tion, butter, coeoauut J 
oil. ' 1 








Felai^nio ., 
Oapryiic .. 


59 


500 
457 


Leaves of the gera- 

niun. 
Butter, ooouftDut 

oil. 


11 
.ll 


(Enanthylic .. 


bolow 


298 (?) 


Castor oil by dia- 








tillalioD, &c. 


35 


V^Wta OT 




392 


Butter. 


below 


347 


YaleiiBn root, flati 


'if. 


Phowiio 






oila. OlidotioQ 


si 








of fusel oil. 


Brade .. .. 






Mnatiird seed and 


rape 








eei^d. 1 


Ooeglio .. .. 


62 




The diigling, a speciea of I 
aperoi whale.' I 


njKtoleio .. 






Sperm whale. 1 


UcffiDgic 

Angelic.. .. 


32 




Oil of hen. 1 


113 


374 


Angeliearoot. 1 


1 ■-- •ThtDUiltto 


L 


^Bogly«rlM. J 
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Glycerine is a viscdus, colonrlesB liquid, of Bicklf 
sweet taste, which mixes &eely mth water and alcohol 
in oU proportions, and sparingly with ether. Its sjMici- 
fie gravity is 1'28; it is uncrjstallizable, but below 
40° Fahr. it becomes gummy and almost solid. 
attracts moisture from the air, becomes more limpid, 
and is slightly volatile at 212° ; but if distilled 
alone at ordinary atmospheric pressure it is decom- 
posed, and the pungent vapours of acrolein, especially 
irritating to the eyea, are disengaged. It may, how- 
ever, be distilled in vacuo, or in a current of super- 
heated steam. Glycerine is refined by thus distilliDg 
in steam. It is composed, like the fatty ocii 
carbon, hydrogen, and oxygen, but the proportion of 
the latter is much larger than in the ordinary fatty 
acids. The importance of this difference will bo ex- 
plained in connection with the manufacture of caadlea. 

Glycerine is abundantly produced as a secondary 
product in the mannfocture of candles, and its i 
quent abundance has led to many industi'ial uses that 
were unknown twenty-five years ago. Most of these 
depend on its emollient properties and its mainte; 
of liquidity, due to its non- volatility and absorption of 
atmospheric moisture. Thus the modeller uses it to 
maintain the moisture of his clay, and the drying up of 
mustard is prevented hy adding a little glycerine to the 
water in which it is miied. Common ink becomes copy- 
ing ink by the addition of a due proportion of glycerine; 
and it is also added to paper pulp to render the paper 
soft and pliable. Gas-meters are advantageously filled 
with a solution of glycerine, as it does not freeze in 
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winter nor evoporate in smnmer. Its applications for 
tlie Bofteuing of tbe elcin aro well known. BesideB 
these and other similar nses, ita flavour is made avail- 
able in the sweetening of liqueurs, wine, beer, malt 
liquors, &c. Treated with a mixture of sulphuric and 
nitric acids, or with concentrated nitric acid, it forms 
the powerfully esploBive nitro-gljcerine from which 
dynamite, &a., are prepared. 

Glycerine is sepnrated from the fatty Bcids with 
which it is naturally combined in oils and fats : 

let. By presenting to the acid a more powerfully 
basic substance, i. c. a substance having stronger 
affinity for acids than the glycerine has. When this 
is done under suitable conditions, the fatty acid leaves 
the glycerine and unites with its moro powerful rival 
to form a soap. Common soap is a compound of tatty 
acids with soda, and soft soap, of the same with potaasa. 
These soaps, like their bases, the soda and potassa, are 
soluble in water, and thus when soaps are made. by 
boiling fats or oils with a ley or solution of soda or 
potash, the glycerine is dissolved in the soap Bolution, 
and its Bweetnesa is one of the old-fashioned tests by 
which the Boajt-boiler judges- of the completion of his 
process. If the oil or fat is heated with dry lime, with 
oxide ot lead (as in the preparation of diachylon), or 
with other basic and insoluble metallic aside, the 
glycerine is separated as a liquid floating above the 
innolnble soap, from which it may bo simply poiu^ off, 
and afterwards separated from tho small quantity of 
ojdde with which it is usually contaminated. Glycerine 
WW thus disoovered by Scheele in making lead ^lastei;. 
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I SacL He iaXij acids may bo separated &om glynerine 
r'tjf AM apposite procees, i.e. presenting a stronger «oid 
I to oontnne with the glycerine or to decompose it, and 
f thoB leave the fatty acid uncombineJ. Sulpliuric acid 
I je used for this purpose in. the mauufactnre of caudles. 
3rd, Distneiation hg Heat. — As already etated, the 
I oils may be decomposed by the simple application of ' 
heat. If exposed to a snfGisiently high temperatare'*^ 
Aey may be dissociated with their ultiuiate elements, 
carbon, oxygen, and hydrogen, A lower degree of 
beat resolves them into solid oarbon, gaseous and 
I liquid hydrocnrbons, and water. Less beat than this 
conTerta them into aoroleine and other curions com- 
ponnds, too numerous to Le here described. By skil* 
fnlly applying a still lower degree of heat (about 3 
or a little below the melting point of lead) in i 
jnnotion with water confined under pressure or with 
superheated eteam, animal and otbor fats, such as 
tallow, palm oil, &c., may bo dissociated into gly- 
cerine and fatty acids. Those decompositions ore 
now elaborately effected on a magnificent scale in the 
modern manufacture of candleg.* 

* I may odd that thure are EomB mudera cliemiflta who ex- 
plain the factn above htuled by more complex hn>otliesea, wlM 
I deaf tlie existence uf glycerine and fatty acids in oatumJ oilBEmd 
I fata, and regard tbein oa proJiii^ts of deeompositiou and new 
. oombtiiationfi with wuIlt. &c. I purposely slistnin from the dis- 
I ODBBioD of such qoeatiaai Lere, and from the use of any ubefDied 
. tbrmulu, OS they ooulil tend to obscure iBthei than elucidats 
^ the Bnbjeot. Ghemicnl pbilasuphy bos satTered much Bgiiatkm 
' of late, and is cunscquently rather turhid at present. When tbe 
IS of OTerlearQed molecular speoutatlon are daly preoipitatsd^ 
b.ila natural dearuesB and dmpUuit; will doubtlesi Kea|ipeae«' 
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The Bimpleet and most primitive form of caadle is 
the rushlight, which a&tisfied our graudfuthers nnd 
grsndinotherB, and the excelleuca and sconoiny of 
which are so highly praised by the Kev. Gilbert White 
in his olaasic ' Natural History of Selljome,' He tolia 
how the decayed labourers, old women, aud ehildren, 
"gathered aud BOakod and peeled tho rushes; " that "the 
careful wife of an industrious Hampshire labourer 
obtftins all her fat for nothing ; for she saves the 
HCnnunings of her bacon pot for this use ; aud if the 
grease abounds with salt, she cauijtis the salt to pre- 
wpitate to the bottom, by setting the scumioings in a 
warm oven." Candles were thiia home-made by dip~ 
ping the strips of msh-pith iuto this unsophisticated 
&t. 

The nest step in the Insury of illumination was the 
tallow-^ip, made of ox or mutton fat, or a mixture of 
both, the fat being prepared hy simply heating it until 
the memhrauoB, &ti., iu which it was enveloped, are 
enfficieutly frizzled to contract into lumps and sink to 
the bottom, and form the greaves or cratklimjs used for 
feeding dogs, &c. The wicks, made of loosely twisted 
cotton yarn, are out to length, and suspended by their 
apper loop on a frame formed of rows of sticks 
arranged gridiron fashion, each stick passing through 
the loops of several wicks. They are then dipped 
three times into a vat containing tallow just melted 
down to its fusing point, then left to drain for a short 
time over the vat, and afterwards placed on a rack to 
cool and harden. This is repeated a second, third, 
fonrtb, or more times, aooording to Man ttuckmi^es, to.- 
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quired, which is determined by weighing. Candle 
dipping is best carried on in cool cellars, or only 
during the cooler months of the year, or in the i 

Mould candles are made of the same material as 
the tallow-dip, bat with some regard to appearances. 
TUey are cast in hollow cylinders of pewter, polished 
inside, down the axis of which the wiok is stretched. 
A nnmber of these, twelve or more, ero fixed i 
wooden frame, the upper part of which forms a tro 
into which the bottoms or open ends of the moulds are 
fitted. On filling this trough the tallow runs down 
into the moulds, the bottoms of which, corresponding, 
to the top of the candlo, are formed by a conical cn^^ 
holding one end of the wick. If the tallow 1 
poured into such moulds when heated above its melting 
point, it would adhere to the sides, and the candlea ' 
could not be withdrawn, but if poured just at the tem- 
perature at which conEolidation commences, they leaTe 
the mould freely. This temperature, varying i 
108° to 120° Fahr., is determined by the formation of 
a Bcum or solid film on the surface of the meltef 
tallow. American ingenuity hog considerably improved 
the old candle moulds. Instead of separately stringing 
a set of wicks for each hatch or cast of candles, tha: 
wick is now made to pass through the mould and c 
tinue unbroken perpendicularly below it, down to tha 
reel or ball of plaited cotton. When the candles ar» 
aat a sories of plungers are wound npwards by n 
of a rack and pinion ; the candles are all simul* 
taneonsly thruat out of their motdds bottom npward^ 
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ud as they ascend they draw ap the wick throsd from 
below, and leave it in its proper place down the centre 
of the moTild. The out-thruated candles ore then cut 
off, and the mould is ready for another pouring. These 
Ajnerican moulds arc now iu general use. 

If an attempt were made to cagt was candles in this 
monnei* it would fail, on accoimt of the great shrinkage 
of wax in cooling. As the solidification of the wax 
wonld commence at the surface next to the mould, this 
shrinkage would show itsolf by a hollow or porforation 
down the middle of tho candlo. Wax candles ate 
therefore made by suspending and stretching a number 
of wicks from a ring, and over a basin of melted wax. 
The workman ponrs the melted wax down the wick 
from a ladle, and continues this basting process nntil 
the required thickness is obtained. They are then 
rolled while hot upon a flat surface of hard wood or 
marble, kept constantly wet, and thus worked into true 
oylindticol form and smoothed on their surface. The 
large was candles used in Catholic and Mohammedan 
churches are made by placing the wick, previously 
soaked in wax, upon a flat slab of wax, i^nd then 
bending and rolling the wq: upon it. 

These methods ate still generally adopted when pure 
was candles are made. Eecently Messrs, Iteiss have 
constructed a machine by means of which the wax, 
just heated to a plastic degree of softness, is sqnoezed 
through a cylindrical spout, along tho asis of which the 
wick is previously placed. Tho was and wick are 
forced ont together, and thus a continuous candle is 
laaAo, which is afterwards cut into tho ret^Toi \f 
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Beeswax is tLo raw material &om wliicli ordinary 
caudles hnvo beea and still are made. la its erode 
state, as well knuwn, it is of a dirty yellow colonr, and 
IB lileaclied by rolling into sheets or ribbons, and 
exposing them to tbe snnllglit on meadows or grasB 
plots. The turfac, of the ribbon is thus whitened, 
ftfter which it is remelted and again mode into ribbons, 
in order to expose a fresh surface ; and this is repeated 
nntil the bleacliing is completed. Abont a month is 
ooonpied by this process. By means of chromio acid 
set free by the action of snlplmric acid npon bichro- 
mate of potash, the bleaching may be effected i 
few hours. 

Other kinds of wax are also used, snch as ObmeBB 
wax, derived from an insect, the "tocctm cerifenu ;* 
Japanese wax, of vegetable origin ; Comaaba wax, 
from Aio do Janeiro, which is also a vegetable wai^. 
remarkable and espocially valuable on account of its-. 
high fusion point ; and several other varieties o 
table wax derived, like the two last, from palms. 1 
these may be named the greenish Myrica, or.iayTtI« 
wax, obtained from the fruit of the Myrica eerifen 
wax myrtle. It is naed in America for caudle n 
Wax candles are Goporior to tallow candles, not n 
in respect to hardness, elegance, and cleanliness, \kA 
also on account of the greator purity and brilliancy od 
their ligbt. 

Spermaceti, wLich has been already described, bait 
long been used for candle making, and is highly 
prized on acconnt of its elegant, pearly, transluce 
ajipeorance and the polity of the light, being, in t 
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leepect, even BUperior to wax. In its pare state it is 
onfit fur candle making, as it assumes bo decidedly 
cryBtaUinc astrncture on cooling, and ia rather brittle. 
Tliifi JH corrected by mixing it with 5 to 10 per cent, 
of wax, the mixture being cast in moulds. 

All theabove-uamod caudles arecompoaed of natural 
materials, merely altered by art to the extent of simple 
purification or bleaching. So long as only these were 
used, candle making was one of the simplest of the 
mecliauical arts. Lately, however, it has undergone ii 
complete revolution, and haB become an elaborately 
chemical manufacture. Ab an example of the develo])- 
ment of this brauch of industry since it has left the 
handa oi the " decayed labourers, old women, and 
children," and " the careful wives of the Hampshire 
labourers," I may quote a curious calculation lately 
made in the ofBce of Price's Candle Company. Taking 
the number of candles made at their works in one week 
and the time tliat each caudle will burn, it was found 
that if a week's produce could have been delivered to 
King Solomon when he finished his temple, a candle 
m^ht then have been lighted at the altar, followed by 
another before that was burned out ; and if this had 
been oontinuod night aud day to the present time, 
there would stiU remain enough to bum one hundred 
years longer. 

Tallow is composed of stearic, palmitic, and oleic 
acids, combined with glycerine, as ab'eody statod. 
These compounds are, respectively, slearine, paliaiiine, 
and oleiTie. By refeieuce to the table of fatty acids, it 
will be seen that the melting point of oleic acid, is 
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much lower than either stearic or pslmiti^, tuid oleisc 
is similarlj more faeible than Btearino or polmitiiie, ai 
much BD that it is liqnid in ordinoiy weather, 
first stop ia the modem ecientific manufacture d 
candles was based on this. By simply preseing tha, 
tallow, a considerable portluu of the oleine was forced 
out ia the liquid state, and the harder and drier o 
pounds, stoorinc and pabmtine, remained. In thiai 
manner the first " Eteariue caudles " were mode. The 
thin edge of chemical plulosuphy having thus peno- 
trated the candle makers' trade, it rapidly proceeded 
faiiher. The question, " Which is the 
constituent, the fatty acid or the glycerine ? " natorallj 
presented itself, aud the answer was easily found ; i 
by simply casting a sample of each into a ( 
fire, the vast difTerence in their infiammabiltty tX 
once becomes evident. A more careful aud delicate 
examination shows also that stearic acid burus mith « 
brighter and clearer flame than steariue, aud so on m&/ 
the other acids of the fats available to the candle 
maker. Such investigations established the conclusiini 
thot glycerine is damaging to the candle; that a p 
feet candle must be com2)OBed of fatty acids exclusively. 
There is another fact which might have led the 
scientiiic candle maker to the some conclusion, though 
I suspect that it was overlooked, as I do not find i 
anywhere mentioned in conneotion with this sabjeoti 
It is, that the wax and spermaceti candles, already b 
long famous for the purity and brilliancy of their ligh^ 
f fatty materials, which both differ fsoii 
othei fats or oils in having no glycerine in their o 
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podtioii, Beeidoa this, the far greater proportion of 
oxygen coutaisod in glycerino iudioatoa comparutive 
incombuatibiKty, aa it is only tLat portion of the 
carbon and hydrogen not already combined with 
oxygen that is capable of combustion. 

The deBirohility of removing the glycerine being 
eBtablished, the next question for consideration was 
the cost of doing it, and particularly how much loHS of 
materiftl would be incurred. The chemist auBwered thiH 
at once, by showing that stearine yields 95 ■ 7 per cent. 
of stearic acid ; palmitine, di' 8 of palmitic acid ; and 
oleine, 90 '3 of oleic acid. The first two of these 
being the valuable materials of the candle maker, hie 
mean loss is hut 5 per cent, in removing the glycerine, 
A very small sacrifice compared with the improvement 
of quality. 

Eeferring to the three methods for separating gly- 
cerine which have been already described, it will be seen 
that the materials which they demand are remarkably 
cheap. For the first, lime affords an effective base ; 
snlpliuiic acid, common oil of vitriol, that can be made 
on the spot at three farthings or less per pound, is the 
best pesaible acid for the second process ; while the 
third demands only very hot water or superheated 
steam. 

The lime process, which was the first practically 
carried out, is conducted as follows : About 10 cwt. of 
tallow or palm oil is melted with about 140 gallons 
of water, and to these are gradually added about 
100 gallons of mil If of lime, containing a quantity of 
lime e^ual to 14 per cent, of the wei^t ci ^a^n* . 
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This miitoro is continuouBly stirred and heated for 
six or eight hours, until un lueoluble soap is formed 
by the union of tho fatty acids with the lime. TI19 
glycerine, thus Beparated, remains dissolved ii 
yellowish liquor nhich stands above the soap, and this 
liquor is run off for the separation and purificatior 
the glycerine. 

The glycerine is thus TCmoved, but its place is 
cnpied by ths lime, the candle maker having oschange4 
a fat for a lime soap. This is worthless for his purpose,, 
but the fatty acids being very feeble, the lime readily 
goes over to any strong acid. Sulphuric aeid effeotB 
this separation. It is diluted to the specific gravity ot 
1-08G (i.e. 30 per cent, acid) and poured on th» 
lime soap, kept heated by steam and well stirred.: 
(About 23 cwt. of acid is required for the 10 cwt. 1 
tallow.) The snlphnrie acid conihining with the lima 
forms solid gypsum. As soon as this combination is 
completed, and the fatty acids set free, the agitation 
is stopped, the steam cut off, and the gypsum allowed 
to settle to the bottom of the melted fatty acidK 
These are run off to a tank lined with lead, and, whih 
still kept melting, washed first with dilute Bolphm^ 
acid, and then repeatedly with water, to temove 8 
remaining traces of lime and gypsum. 

At this stage a mixture of stearic, palmitio, ■ 
oleic acids is obtained, the two first being solid ri 
ordinary temperatares, while the oleic acid is liquid^r 
and as its presence softens the whole mixture, it muat 
be removed. This is effected by fii-st cooling th^ 
meltod mixtnie verj alowly, and thus allowing t 
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■(iHd acids to crystallize as completely as possible. 
The reealt ia a solid slab consisting of crystals of 
stearic and margaric acid with liq^uid oleic acid 
adhering around and between them. This hetero- 
geneous mass is broken up, and put into porous bags 
made of hemp or horsehair, and submitted to strong 
hydraulic pressure, by which meona the oleic acid is 
made to ooze out through the pores of the bogs and 
flow into a receptacle below, The pressure ip first 
applied at a low temperature and gradually increased 
according to the degree of hardness desired, the limit 
of course being the incipient fiising, or the softening 
point, of the stearic and palmitic acids. 

The oleic acid is used for soap making, for softening 
wool, and, with further preparation, for the dressing of 
leather. 

The pressed stearic and palmitic acids are now 
further purified by again washing them while melted 
with sulphuric acid, and afterwards with water, and 
then keeping them melted till all the adhering water is 
driven off. White of eggs beaten into a froth in the 
proportion of about one or two eggs to 1 cwt. of fatty 
acids is sometimes added with the last washings of 
water and well Btirred in at 212°. The albumen 
coagulates and envelops the impurities, with which it 
settles to the bottom, thus clarifying the whole. 

De Milly, of Paris, has improved this, the old process 
of limo saponification, by combining it with the third 
of the methods above specified {page 124 J, viz. that of 
dissociation by hot water or steam. By placing his 
taUov and milk of lime in a strong atesiu. Xta^i: «.'o& 
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heating it by eteam &t a preesure of 150 lb. to t 
inch and n temperature of 356°, ho cau work witb li 
than half the quantity of limo, and thereby reduce ti 
quantity uf sulphuric acid required, in tbe some pro* 
portion, besides Heparating the glycerino more rapidly. 
ThuB mollified and the pressure carried up to as much 
as 180 lb. to the square inch, this method is still 
extensively used on tho continent under the name o 
tbo " Autoclavo " process. I am told that the quonti^ 
of lime is now brought down as low as 1 or 2 per a 
The higher the pressure, and consequently attainabls 
temperatnre of the liquid, the smaller is the proportiiff 
of lime required. 

Although it had been long known that ooncentr 
sulphuric acid decomposes neutral fats in the mai__^ 
before described (page 124), it was not until 1S41 Hial 
this method was industrially applied. One of the a 
vantages of this process is that it is directly applicable 
to very impure fats and miitures, such as kitchen stti .^^ 
slaughter-house refuse, tho residues of tallow tueltiiig 
and from the refining of fish and other oils. The c 
centrated sulphuric acid not only seporateB the gl^ 
cerine, but at the same time carbonizes the foreig 
organic matter mised with the fats. The | 
impurities are first romoved by subsidence &om t^ 
melted fat, which is afterwards run into a strong in 
boiler lined with lead and fitted with steam jaokej 
and agitators. Strong sulphuric acid (sp. gr. 1-t 
added ia quantities varying from 3 to 6 per ( 
according to the degree of impurity of the fat. ThS 
VBsaei is then heated to about 300° or 850° by mea 
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snperheated Bteam snpplied to the steam jcicket, when 
the fat foams, becomes brown, and evolves eidphurous 
acid, in consequence of the action of the sulphuric aciil 
upon the impurities as well as upon the giycerinc. 
Thus the fat is converted into a mixture of sulpho-fatty 
acids and snlpho-gly eerie acid or sulpho-glycerine. 
These compounds have now to bo decomposed, and 
thia ie effected simply by suhmitting them to the action 
of a large quantity of water in tubs, wherein the 
contents are agitated and kept at about 21^° by 
means of a jet of steaio. The sulphuric acid leaves 
the fatty acids and the glycerine to unite with the 
water, and the fatty acida which float to the surface are 
then drawn off, jiartially clarified by subsidence, and 
finally distilled. 

For the reasons before stated (page 98), they cannot 
be distilled by simple heating over a fire and in contact 
with the ftir, hut by careful exclusion of air, regulation 
of temperature by superheated steam, and distillation in 
an atmosphere of steam, they may be distilled icithout 
dissociation.* They are then bagged, pressed, and freed 
&om water in the manner already described (pnge 133). 

The application of the third method of separating 
the fatty acids, that of direct and simple dissociation 
by heat, is the latest development of the practical 
chemistry of candle making. The neutral fat is pUced 
in large retorts, which are raised by direct furnace 

• The diBfillittion is now still farther foeilitatea by the 
■ue of " vactmm puna " eimiLu to tbosc osed io sugar-baiting, 
whereby the pre^me of the atmosphorc of eteam is kept ooa- 
~ J belov that of (he extemal atatoephsce. 
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lient to a temperature of alwut 570°, and Gnperbcated . 
eteum, at a temporuture of 600°, is injected i 
tinnonnly amidst the molten fat for twenty-fonr to ' 
twenty-sii hours ; by this meane the dissociation o 
the glycerine and fatty acide is gradually effected, 
and the separated prodncte are alsn diittilled ot< 
in an atmosphere of steam by the same operatioi 
The success of this process mainly depends upon the 
skilful regulation of the heat. If the tempenLtnTe u 
too high, the fatty acids and glycerine ore farther 
diesociated, aud acroletue, gaseons hydrocarboiui, and 
tarry residue are formed. If the beat is not BufGdent, 
the separation of the glycerine proceeds too slowly, or 
is imperfectly effected. 

When the disBbciatiou and diEtillation are Bocces^ 
fully completed, the fatty acida come over in snfBcieiit 
purity for candle making, the Bcparation of the oleine 
and adherent water being all that is ueceBsory. The 
glycerine is purified by subsequent distillation. The- 
elegant simplicity of this process naturally led to the 
expectation thai it would supersede all the others, 
was accordingly adopted at the Bayswater works of 
Price's Candle Company, but has since been abandoned 
in favour of the sulphuric acid process. The chief 
reasons for this is, that in this country palm oil ia 
largely mixed with the animal fats in candle making, 
and the natural colour of palm oil is yellow. The 
dissociation process leaves this colour unaltered, while 
sulphm'ic acid bleaches, at the same time that it sepa- 
rates the glycerine. The sulphuric acid affords the 
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pttre fata. If candles wero mtide as of oM simply 
iioin "P. Y. C." * tallow, the dissociation procesH 
would probably supersede all others ; but in this 
conntr; Bucb tallow or muttoo suet ia in great demand 
for lubricating the heavy machinery (roll-necks, &c.) 
ID iron workd, anil I fear I must add for the manufac- 
ture of very choice fre»k butter. Eancid butter and 
salt butters are usually made from milk or cream. 
Tallow butter is not salted, and never becomes raucid, 
simply because the source of rancidity ^butyric acid 
— is absent, and further because it is a roSned or 
thoroughly purified fat, and such fat does not decom- 
poee, and therefore requires no salting. The idea that 
the cheapest and coarsest salt butters are the most 
adulterated is a mistake. 

The stearic and palmitic acids in their pure state 
are liable to crystallization, especiiilly when slowly 
solidified. Candles of such crystalline structure would 
be very brittle and unequally transparent. This defect 
was at first remedied by the addition of a small 
quantity of arsenious acid, and something like a panic 
resulted from the exaggerations of Sensational news- 
paper writers, who described the deadly effects of 
breathing the araeniuretted hydrogen supposed to be 
given off by such candles. The arsenious acid was 
anperseded by the addition of 2 to 6 per cent, of 
white wax, and by continually stirring the melted 
mixture until cooled down to a semi-fused pasty con- 
Bistency and moulding while in this state. The 
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modem practice is to add about 20 percent, of paraffin 
to the fatty acide, which efiectuaJly checks their ten- 
dency to cryBtollize and improTes their appearance 
ftud quality. 

The fatty acids thna prociiTcd and prepared are 
monlded into candles in nearly the same mannor as the 
tallow mould candles already described. 

The candle wick, like the material of the candle 
itself, haa been greatly altered and improved by the 
application of scientific knowledge to its mamifactiira. 
The snaffera and ssnfTer-tray are no longer ioclnded 
among the necessaries of household furnishing, and 
will nhortly be found only in the collectionB of the 
antiquary. Comparing candlelight with gas-lighting, 
we may venture to claim for a caudle wick that it peP' 
forms the combined functions of the gas-works, the 
conveying pipes, and tho burners. Oil gas has bees 
made and used after the manner of coal gas, which 
would certainly supersede but for the greater cost of 
the raw material. By simply dropping any kind of 
oil, or, better still, the separated fatty a<;ids, npon 
red-hot porous surface, such as heated coke or spong;^ 
iron, &c., it becomes converted into gus of far superitS 
quality to that obtained from coal. If pare fatty 
acids are used, and the process properly condncted^ 
their " destructive distillation " into inflammable gasea 
is complete, and no solid residue is formed ; bn 
oommou fats containing glycerine be used, or if gs 
clumsily made, a carbonaceous residue ia left upon 
heated coke or iron of the retort. 

Ib a caudle, the Seated 0.^^! ^a.Et of the 
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which is immeraetl iu the flame, corresponds to the 
red-hot porous material of the oil-gas retort ; the 
capillary attraction of the wick brings up a small 
qnantity of fatty matter corresponding to the drop- 
pings of the oil retort; this is heated by the flame, 
and converted into the same gases as thoee produced 
in the oil-gas retort, with the advantage of being 
produced exactly on the spot where required for oom- 
hnstion. 

By closely and sharply snufBng the wick of a com- 
mon dip candle, and obsorying the top of the newly- 
enufied wick, the bubbles may be seen rapidly forming 
and buisting to supply the gae which by burning on 
its oator surface forms the flamo. Conunou tallow 
leaves a carbonaceous residue oi coke ou the wick, as 
it would in the oil-gas retort, but the pure fatty acids 
ue completely converted into gas, and Dotting is left 
behind but the ash of the wick itself. This difference 
appears to be but little understood, and I have not 
seen it explained in any treatise on the subject. It is, 
however, very important to the candle maker, as the 
abeence of glycerine greatly simplifies his problem of 
producing a " self-snuffing " candle, a problem which 
lus brought forth much ingonuity. 

Formerly wicks were simply twisted, whereas now 
they are plaited in such a manner that in nncoiling 
they shall bond downwards or horizontally, and thus 
protrude their ends from the flame. With wax, aper- 
maoeti, or pure fatty acids this is sufficient, as the 
wich when exposed to the air burns to a simple white 
aek. Whensteanne candles weietiieit.Tan&«>,\)«'^&:?^-, 
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1830, eteeped the wicks in borooic or pLuspharic acid, 
in order that a glossy bead might be formed at tbs 
end of tbe wick and drop off by its own weight. 
Phosphate of ammonia, aol-ammoniac, and other Baits 
of ammonia are also need as pickles for wicks. A 
good wick ningt be free irota loose threads or knots 
and of nniform thickness, as any irrcgolority produces 
guttering. 

The introduction of paraffin ctmdies is tbe latest and 
most important advance in this branch of industry. 
At the time of tbe Irish potato famine, a great sen- 
sation was produced by a Member of Parliament 
displaying to the House a white wai-like candl^ 
which he aflirmed had been mode from Irish peat, 
and proposing to regenerate Ireland by the wealth 
thus obtainable from her bogs. 

Tbe project failed, for although such candles could 
be mode, the cost of producing them exceeded their 
market value. Shortly after this (bis patent is dated 
1850) Mr. Youag succeeded in obtaining both solid 
parafBn and liquid hydrocarbons, which be named 
" paraffin oils," by distilling Boghead coal {a very rick 
bituminous shale) at a lower temperature than is used 
in making coal gas. The same products wore also 
obtained from Rangoon oil, a native petroleum, from 
other bituminous shales, from lignite, from canuel 
coal, from ozokerit (a wax-like mineral found in 
Giilicia and Bohemia), from Trinidad pit«h, and 
finally from the abundant oil wells of Pennsylvania 
and other parts of America. 

The magnitude and ua^itas.«e wbicL ibis 
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^ndnBtry has now asBumed will be evident from the 
following figures, showing the importations of petro- 
leam from America during tlie year 1875 ; 
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The distillation of bitnminons shales is still carried 
on in Scotland, at Bathgate and the neighbourhood, 
the shales used for the purpose being raised on the 
spot, and too poor and bulky for transport and gas 
making. The mineral oil works in the neighbourhood 
of Leeawood, in Flintshire, where for a short timo the 
distillation of the rich " cm'ly " cannel coal was so 
vigorously carried od, have nearly all collapsed, the 
American petroleum having reduced the price of the 
oils, Ac., below the coat of prodncing them from a raw 
material, which has maintained a high price on account 
of its eicellonco for gas making. In Germany paraffin 
and paraffin oils are made from brown coal (lignite), 
bnt this industry haa been serioiiKly limited by the 
competition of American petroleum. 

The process of manufactore is nearly the same. 
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whether ehale, c&nnel, or lignite Ib nBed. The mineral 

jilatnid in retorts, generally of larger dimaDBionB than 
thofie uBcd for gas making, and raised to a low red 
heat. The outlet tube of the retort communicateB 
with a simple form of condeuBer, cooled either by 
contact with water or by exposure of a large surface 
to the air. A current of steam passing through the 
retort greatly aBsista the distillation. At first, ammo- 
uiacal and water vapours come over, then brown vaponra 
of the more volatile hydrocarbons, which continue with 
increasing density until the cannel, shale, or lignite ia 
reduced to a dry ooke. The " crude oil '' thus obtained 
is a brown tarry liquid, floating on a considerable 
quantity of water in which the ammoniacal fames oie 
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lliia is agitated, cither directly or after a second dis- 
tillation, with strong sulphuric acid, and then left for a 
short time for the " acid tar," or carbonaceons impuritiefl 
held together by the acid, to settle and be removed. 

Any acid that may remain in the oil thus treated is 
neutralized with soda, and the oil is now distilled 
fractionally, i. e. the first runnings of the more yolatilo 
hydrocarbons TatiouBlynamed"Baphthft," " henzoline," 
" spirit," &c., are conducted to one tank, the next run- 
uingB of burning oil to a second vessel, and the latei 
or " heavy oil " to a third. In some works these are 
all run together at first, and separated in a sabseqnent 
distillation, though, if necessary, they are again washed 
with acid and re-distilled. The liquids finally ob- 
tained aio bright and clear. The most volatile, the 
" spirit," is colourless, the burning oil is straw- 
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ooloDred or of a greenisb opalescent tint, and the 
heavy oil 18 yellow, and, according to temperature, 
contains more or less of crystalline scales. 

The liglit oil or spirit is sold as " benzoline," and 
used cliiefly for sponge lamps, or as a subBtituto for 
turpentine ; the next or burning oil, after bleaching by 
exposure to sunlight in glass-covered shallow tanks, is 
used for the now well-known paraffin lamps ; and the 
least volatile, or last nmning is separated into lubri- 
cating oil and solid paraffin, or " paraffin was." 

To edect this separation, the oil containing the crys- 
talline scales is cooled neaiiy down to the freezing 
point, and for this purpose ice machines are used 
during the summer. It is then bagged and pressed, in 
order to separate the liquid from the solid paraffin. 

The "■paraffin ecale " thus separated is of a yellowish 
or brownish tint, and requires further purification 
before it is fit for caudle making. This is effi;ctod fay 
washing it with the rectified " spirit," or first runnings, 
which dissolves the adherent liquid oil. It is then 
piessed again and the operation repeated if necessary, 
the paraffin for the best qualities being finally faleached 
and purified by washing when fused with sulphuric 
acid. An important improvement upon this process 
has recently been introduced and patented, and is now 
in operation at the works of Price's Candle Company. 
The paraffin scale, simply pressed into flat cakes, is 
placed on shelves sloping forward, and heated for 
some hours nearly to melting. The oil gradually 
drains out, leaving the solid paraffin in a curiously 
spongy condition, and remarkably white and pure, with 
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a high njelting poiut, due to the remoyal of the liquid 
and more fusible hydrocarbons. A portion of solid 
pttniffiii is abo drained otf. Tliis is bagged, pressed 
into cakes, and agtiia drained. 

The advantikgcs of this process are that it super- 
eedes the expousive freezing ap|>arahis, and also the 
wuehiug with spirit, which is wry dongeroufi in con- 
sequence of the iuflamm ability of the spirit vaponr. 
The drained spungy parallin is subjected to the fiuil 
bleaching u&d purification by sulphuric acid as usuoL 
This process is due to an accident A piece of pressed 
scale had fallen over a steam pipe, and remained 
exposed to about the temperature reqnii'ed. The 
foreman observed its purification and hardness, and 
suspecting that it was due to drainage away of the 
liquid, made some cKperiments, upon the results of 
which the improved process is based. 

The solid paraffin thus obtained is a beautiful white 
pearly translucent substance, closely resembling sper- 
maceti in appearance. Being a pure hydrocarbon, it 
burns with a brilliant pure white flame, provided it is 
supplied with suificicut air for complete oombnstioii. 
It has, however, one serious defect as compared nitk ' 
spermaceti, wax, or stearic acid, viz. a lower meltii^ i 
point. This varies from about 110^ to 150°, according, 
to tho mode of preparation and the material fosD. 
whiuh it is derived. PnrafBn softens and become! 
pliable at many degrees below ite melting point, and 
thus candles made of this substance in its ordinary mi- 
mixed state are not suitable for warm cliiaatos, a &ot 
demonstrated at a grand ball that was held in oele^ 
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bration of the coronation of the ■anfortnnate Emperor 
Maximilian at Mexico. An order for a lai'ge supply 
of candles for the occaeion was sent to Loudon, and 
duly execated by a merchant who was perfectly satisfied 
with the appearance and burning of the then newly 
introduced sample. But he knew nothing about fuaion- 
pointa, and the paraf&n candles went to Mexico. The 
grand «a/on was brilliantly lighted with them, and the 
dancing began as gaily as could be desired, but as it 
proceeded and the room grew warmer, the candles 
began to bow, then to bend and eirclo over laoro and 
more, to gnttor and drop, and stream upon the guests. 
Dresses were spoiled, ouxses were mattered, and the 
fbetiTal became a fiasco, an ominous beginning of the 
short reign which terminated so tragically. 

By more skilful preparation and by mixture with 
stearic acid, vegetable wax, &c., this defect of paraffin 
candles is now nearly overcome. 

All the products aboye named as resulting from the 
distillation of shales, caanels, and lignites, are J,so 
obtainable from American petroleum, which, as it 
spouts or is pumped from the earth, is similar to the 
erode oil from the retorts, but is much lighter in 
colour, contains far less impurity, and is much more 
eaaUy refined. The mode of refi.ning is the same, but 
BJmpIified, as the repeated washings and distillations are 
unnecessary. This, combined with the spontaneous 
supply of crude oil, has given the Americans an 
immense advantage over their British rivals, and it is 
only by great energy, economical management, and 
the skilful application of science in their works^ that 
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the Scotch miuiafacturerB have been able, e 
their abundant ^applies of ehoto, to continne th» 
struggle against snch odde. Thoy would have entirely 
succumbed ere this, had not the skilful chemiete attached 
to those works enabled their employers to convert their ' 
refuBO 01 waste products into useful compounds, such, 
for example, as the sulphate of ammonia, now so largely 
produced by the union of tho waste acid of the ro- 
fineriea with the ammouiacal vapours that pass o 
tho first stage of the distillation of the shale. 

The paraffin obtained from ozokerit has a high 
melting point, and the burning oil is similarly dense. 
I have before me a sample of ozokerit burning oU 
manufactured by Messrs. Field, which has a epeoifio' 
gravity of 805° and igniting point of 160°, It buma 
beautifully in a common paraffin lamp. The quan- 
titles of ozokerit at present obtainable are too small 
to permit the expected development of its manirfactnre. 

Before concluding, a few words are necessary on the 
subject of the supposed danger attending the use o 
petroleum and paraffin oils. Moat pitiable nonsensff 
haa been printed, in daily and other newspapers, ott 
this anbject. These oils havo been described e 
plosive, even as spontaneously explosive, and regarded 
as soraothing akin to gunpowder or Grook f 
explosive aahatanco is one which, like gunpowdes 
guncotton, uitro- glycerine, &g., contaius within itsoU 
the oxygen necessary for the combustion of its oibet 
combustible constituents, or whioh, like certain c 
pounds of nitrogen, may bo suddenly converted inU 
• instantaneous dissociation. The i 
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arbons, wbetber derived ti 
the distillation of shale, &c., hnvD no such composition 
or properties, and are UH perfectly inexplosive in /Aein- 



They are, howeyer, like all other oils, i 
i.e. they cioy he made to burn if sufaciently heated 
and supplied with sufficient oiygen. Their vapour is 
on inflammable or combustible gas, and, like our 
oommon coal gas, it becomes truly explosiTS when 
mised with certain proportions of air. Tbua, if a 
mineral oil is heated 6iifE.ciently to conyert it into 
vapour, and this vapour is mixed with air, we may 
obtaiu an explosion just as by allowing coal gas to 
escape. The temporature at which these oils are con- 
vertible into vapour varies greatly. 

The " tpiril " that first conies over in the fractional 
distillation is very volatile, and about as readily in- 
&umuablc as turpentine. This, which is sold in 
the shops under the name of benzoline, should, like 
turpentine, be stored and handled with great care, as 
in hot weather its vaponxs if given ofl' in a confined 
space may form an explosive atmosphere, or if a light 
is applied to the surface of sach oil, it bums freely. 
The oil stipplied for parafBn lamps is not so volatile ; 
and, when properly prepared, does not give oif danger- 
ous inflammable vapours untQ heated to above 120°. 
Those who are uneasy about such oils should test 
them by simply pouring a little into a cup, and then 
planging a lighted taper into the oil. Thoy will find 
Qiat, instead of the expected explosion or conliagi'ation, 
the taper will be eitinguislied as in water. 
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The anpleosant odour supposed to aeeompwiy the 
use of mincntl lamps is nearly fts fictitiuQB hs the 
eiplosiTenesa. If the oil is spilled, cf couree its odour 
will bo giveu oSl If the wick of a paraffin lamp ie 
tumod BO low as only to admit of imperfect combustion, 
a bad odour ariseB, but if properly managed (and no 
other lamp is bo simple and manageable as a flat' 
wicked paraffin lamp) they bum without any odonr 
whatever. In proof of this, I may state that I met a 
friend, who rcfusod to nse or try such lamps oii act 
of their imaginary odour, at a conversazione of the j 
Hioiosoopical Society hold in Somerset House.- After J 
admiring several objects, I askf^d him if he noticed any I 
unpleasant smell. He answered, " No," and reiterated I 
this answer when further pressed. I then told faim to I 
look around him. There were above four hundred \ 
paraffin lamps burning in this room where he smelt I 
nothing, each microscope having its own lamp and < 
that one a paraffin lamp. This source of light is so 
cheap, HO clean, so convenient, and so brilliant, that | 
unfounded prejudices against it ore serious evils and | 
should be refuted. 



GAS AND LIGHTING. 

►B. H. Pattehson, F.S.S. (late Metropolitan Gas Referiw). 

Thb manufacturiag of gas from coal for lighting pur- 
pOBes originated independently and almost contcm- 
poraneouglj in England and in France, in the closing 
yeBTB of tiie last contary. The first maker of coal-gas 
in this country, who was seven years in advance of his 
French rival Lehon, was William Murdoch, a Scotch- 
man, residing at Eedinth in Cornwall, and employed 
in the managoment of mines in the neighbonrhucKl. 
He manufactured coal-gas in iron retorts, conveyed it 
in pipes, and lighted with it his house and offices. 
He also employed the gas in a portable manner, lo 
Beire as a lamp in travolling to and from the mines by 
night. He made many ex^ieriments in the production 
of illuminating gas &om various binds of coal, wood, 
peat, and such-liko substances ; he saw the importance 
of purifying the gas, and certainly adopted the process 
of washing it with water, which is the cheapest if not 
the chief mode of purification still in use ; and he also 
made and tried various kinds of barners, some in the 
form of jets and one similar to the Argond. In I79l>, 
being then employed in Boulton and Watt's SoWi 
^^Wcirts at Biimingbam, Murdoch pYopyWii W itt.TB.M» 

■L 
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Watt (Bon of tto celebrated engineer) to employ gas as 
n substitute int IniDpB and canilleB, and. to obtain I 
pntent for tbe proeeaa His proposal wqb not enter- 
tuiDed ; but two years afterwards be lighted part of 
tbe Boho foundry with gas; id 1802 ho erected goe- 
workg f.ir the conatiuit supply of the whole premiseB, 
and thereafter gaa begun slowly to come into m 
the lighting of milla and other private establishmentB, . 
including the Catholic College at Stonyhurst in Zioncft- 
shire. 

The proposal to employ gas for lighting streeta and 
towns was at first recoived with ridicnle, and met wi& 
most formidable opposition, and, as has since happened 
to not a few of our most valuable inventions, it t 
denounced as alike dangerouB and impracticable by* 
some of the eminent scientific authorities of the day.. 
There was one man, however, who, on reading Lebon's 
Report to the French Institute, instontaneoualy recog' 
nized the magnituilo of tbe invention ; to use his own . 
words, "the thought struck him like an electric shock;" 
and to this gentleman, Mr. Winaor, belongs tbe opedi* 
of giving wings to the invention, by the imflagguig.-. 
enthusiasm with wliich he supported it, and by the 
means which he took, though not always wisely or 
correctly, to attract to it the attention of the public 
He at length succoedcd, in 1810, in establishing the 
" Gaslight and Coke Company," now better known i 
the " Chartered Company," which, by means of n 
amalgamations, is at present the largest Gas Company 
in London. The management of the works was at 
first entrusted to diemiftte, m'iiftie mosSi ^'ab.€Art»iuii 
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Tesnlts, and the nndartaking vaa on the bruik of col- 
lapsing, when fortunately the Company called to their 
aid James Clegg, a pupil of Boulton and Watt (in 
whose eetablieluuent he became acquainted with Mur- 
doch), who had applied himeeU to gas manufacturi; 
with great auceess. An able mechanician and a man 
of ingenious thought, he devised nearly all tho essen- 
tial appliances of gas mannfactnre at present in use ; 
and his name, with that of George Low, who joined him 
as coDsnlting engineer to the Chartered Company, still 
bolds the foremost raak in the dovelopmont of this 
great industry, as it was left by its inventor, William 
Mnrdoch. 

Such was the beginning of gas making. Companies 
were rapidly ostahlisbed in all the large towns, some 
of the ordinary kind, some for siipilying gas in a 
portable form, and others for making gas from oil. 
The Portable and Oil Gas Companies proved failures ; 
and indeed Gas Companies of all kinds had little 
financial success for nearly twenty years after the 
establishment of the first undertaking. In those daya 
mventiona were not so rapidly matured by science as 
they are now, nor was the public so ready to adopt 
their practical application. At present, gas making 
is one of the most remunerative of industiial under- 
takings ; and every little town or village in tho king- 
dom j* now lighted by it. So fully are tho convenience 
and economy of tliis method of lighting recognized, 
that many of our large country mansions and isolated 
factories have small gasworks attached to them. In 
m portable toTm gaa is now conuiig iate ^u» is» '^i^ 
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liglituig of railway oarriageB ; and the adv&ntago of 
using gaB instead of oil in lightliousos is being 
gradually recognized. In fact, coal-gaa is 
general sonree of artificial light— the only places in 
which it is tabooed being drawing-rooms and libraries, 
wliere its use is objectionable, owing to the bisulphide 
of carbon hitherto invariably and largely contained ii 
it, but which it is now possible to remove. 

It appears from a Parliamentary Beport that iqi- 
wards of seven million tone of cual are annually con- 
sumed in the gasworks and waterworks of the United 
Kingdom. London, inclusive of its suburbs, is lighted 
from nearly twenty gasworks, some of them 
markable magnitude, ospocially the Beektou works of 
the Oharl«Ted Company, which are situated on t 
Thames at Barking. The coal annually consumed 
these works exceeds two million tons ; the gas rental 
of the metropolis is about 3,000,0002., and the quauti^ 
of gas consnmed amounts to about 1 j: million thousand 
feet a year. The gas rental of London increases at the 
rate of 10 per cent, per annum ; and so fond are the 
public of light, and perhaps also so wasteful of it, that 
it appears from the Beports of the Chartered Company 
— who, having recently erected large new works, 
able to supply gas under full pressure — that if 
abundant supply of gas be provided, the consiunption 
by the public increases largely without any appreciable 
addition to the number of the consumers. 

Coal.^Ae gas is made from the volatile elements 
coal, consisting of a combination of hydrogen 
earlxm vapoui, bituminouB coal is the kind most snil 
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a1>le for making it ; anthracite, wMch is almoEt wholly 
carbon, ie quite uselesB ; and " Btoam-coal," in which 
the volatile elements arc comparatively small, is also 
nnsuitahle, though in lesBcr degree. The bituminous 
or gas coals are identical in character with those used 
for household purposes, although some of them are too 
coetly to be BO employed. The Scotch cauncl yields 
the largest quantity and richest quality of JUnmi- 
nating gas; the Euglish cannel comes next; while the 
common gas-coni is supplied largely from Newcastle, 
and other parts of England and Scotland. The 
diversity in the gaa-producing quality of these bitn- 
minoua cools is very great. Taking the light-produc- 
ing capacity of ordinary Newcastle coal as represented 
by 10, and of the best Durham at 16, LesmuLago 
cannel will be represented by 25, and Boghead by 40. 
The mode of stating the i Humiliating quality of gas is 
to say that it is of so many candle-power, i.e. that 
when oonsnmed at the rate of five feet per hour in one 
of the best kind of burners, the gas gives a light equal 
to that of so many sperm candles, six to the pound. 

Coal deteriorates as a gaa making substance by es- 
posure to the air. It ought, as far as possible, to be 
protected irom rain : firstly, because when wet, espe- 
cially if there be dross in the heap, it is liable to 
spontaneons combnstion ; and, secondly, when wet or 
damp coal is used in the retorts, more fuel is required 
in the fomacea, and the gas is somewhat deteriorated 
by the steam given off from the coals with it, which 
has to be condensed out of the gas in the process of 

nficatlon. 
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It is advantsgeons to pick out by hand from the coal 
the pyrites, or brassy Toins or pieces, which are • 
Componnd of iron and §ulphiir — sulphur constitntiiig 
ths worst impurity in gas. This practice is 
less in use in London than fomterly, owing to 
magnitude of some of the London gasworks, and i 
seejuently of the daily consimiption of coal, Indeml 
the necessities of gas making ore now so great, that 
frequently it cannot be ascertained whether the coal 
obtained is exactly the same as was contracted &r. 
for, when a coal-steamer is waiting (say at Newcastle), 
if the coal owner has not enough from his own pita at 
hand to complete the cargo, he gets the required 
qnantity from u neighbour, repaying him by-and-by in 
similar fashion. 

Coal-gag. — Whoa a honse-fire is lighted in the 
ordinary manner, namely, at the bottom, dense smoke 
is given off by the heated mass of coal above. This is 
the vapour or fitmeB of the coal, which, when treated in 
the manner to be afterwards described, becomes Illtt' 
minating Gas. The smoke thus given off would, if 
bnmt or properly consumed, yield both light and heat; 
bnt, under our wasteful system of grate fires, it goes 
off unconsumed, depositing its heavier elements as soot 
in the chimney, while the remainder passes as fouling 
matter into the atmoaphcre. 

The method of gas making is very simple, and may 
bo illustrated by the familiar juvenile experiment of 
fillin g the bowl of a clay tobacco pipe with pounded 
coal, closing the upper end of the bowl with clay, and 
placing the bowl in a fire ■, wteiftM-^oTi the ^^ imme- 
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diately isaueB from the stem of the pipe, and can he 
lighted. The retorta employed in gasworks are simply 
a larger apparatus of this kind. Coal is put into 
thom, — the mouth-pieces are closed,— heat ia applied, 
and the gas goes off like heavy smoke. In this form 
the gas ia not permanent, and hence the necessity for 
the cooling and condensing apparatus whereby the crude 
gas is &eed from its tarry condensable elements, which 
otherwise would not only impede the purifying pro- 
cesses, but speedily choke up the pipes through vhich 
the gas ia supplied to the public. 

The Setorle. — The retorts, or vesaels in which the 
coal is distilled or " carbonized " (that is, reduced to 
Bolid carbon by the evolution of the volatile elements), 
were at first made of iron ; and in small gasworks iron 
retorts are still used. But it was found that clay 
retorts are much better than iron ones, because they 
stand a higher heat and last longer. High tempera- 
tnrea are now considered preferable, on the principle 
of getting as much gas as possible from the coal in a 
short time, and thereafter selling the residual products. 
With low heats gas is obtained of greater purity and 
higher illuminating power, but much more tar is pro- 
duced under this system of distillation, and conae- 
qnently much less gas. 

When retorts are required to be used intermittently 
(which is rarely the case) iron ones ore better than 
clay, as iron aufiers leas than clay from the cooling 
down and heating again, and less timo is req^uisite in 
patting iron retorts into action. In all large gasworks 
tbff retorts are QBoally 18 oi 20 i 
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at botli enda— an an-augement, trherebj the retorts 
can be emptied of the coke, or epent coal, hnd also 
cleared from the carbon deposit formed in them, more 
readilj aad efhcientlj than if they had only one month. 
Retorts are either round, oval, or Q-shaped, the last- 
named being most in use. They aro an 
ur benches, each bench containing eometimas as mniiy 
as a dozen retorts, and each being heated by a separate 
furnace, or, where long retorts are used, by a foniace 
at either end, the flames and heated air from which are 
cMnvoyed in flues all through the bench. As regards 
the shape of the retorts and also the number of them 
in each bench, the chief conditions to ho observed ate, 
firstly, that their shape, and the manner in which the 
heat is applied to them shonld bo such that their 
contents (viz. the coal) shall be as nearly as possible 
exposed to the same degree of heat at every part, 
order that the cool be distilled eijually ; otherwise 
Borne parte of (he charge will be ovor-distilled before 
the gas is fully obtained from tbo remainder. The 
retorts which ore most exposed to the heat of the 
furnace will wear out before the others ; and, 
cose, each of the damaged retorts must be thrown oat 
of action, OF else the entire bench must be taken to 
pieces and put in order again. Moreover, the retorts 
which ore exposed to the greatest heat must be re- 
charged at shorter intervals than the others, or their 
contents will he over- distilled— the result being not 
only that gas of a low illuminating power is given off 
from the over-spent coal, but also that an additional 
amount of enlphai la dii^ea off &om the coke, 
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rioratisg the purity of the gas and necQSBitating a 
larger exteat of sabsoquent purification. It is ngoallj 
reckoned that ahout one-half of the snlphor in coal is 
given ofi in the process of diBtillation in the retorts, 
the other half remaining in the residual coke ; but the 
longer the coal is subjected to the heat of the furnace, 
the larger is the proportion of sulphnr volatilized and 
nungled with the gas. 

An incrustation of carbon fonns in retorts, owing to 
a portion of the carbon vapoura evolTed from the coal 
being deposited in a solid form on the highlj heated 
sides of the vessels. This incrustation (vrhieh has to 
be removed from time to time) not only lesBens the 
heat-conducting power of the retorts, and thereby 
wastes some of the heat iiova the furnace, hut it 
consistH of illuminating elements of the gas, and is 
therefore to be avoided as much as possible. With 
this view, great attention is paid to the meana by which 
the gas can be removed, or allowed to pass ofi', from 
the retorts as rapidly as possible, Uaually there are 
two " ascension pipes " to each retort, one at each end, 
and these are placed outside tho brickwork attached 
to the mouth-pieces, in order to keep them cool. The 
more directly the gas can be withdrawn, the better, 
without having to pass along the heated sides of the 
retorts, or over the heated coke in the latter stage of 
the distillation. 

When the mouth-pieces of the retorts are opened, in 
order to withdraw the coke and to ro-charge the retorts 
with &eah coal, it is necessary that the ascension pipes 
be oloaed; tot otherwise there would either be a 
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book-flow of gns into tbo retorts, when it wonld ba 
liurut ajid wasted, or, an is ofiually the case (i. e. wheM: 
ExLauBtors are used), the air which rnahes into tJi0 
heated retorts would ascend the pipes and mingle Wtb 
the gas. Even if cOnunon air were thus to mingls 
with the gas, it would seriously deteriorate its quality; 
but the air being acted upon by the heated coke, wliu& 
thereupon ignites, forms carbonic oxide, with oarbonia 
and Bolphurous acids, &c., greatly adding to the inn 
purities naturally produced in the distillation i 
ooal-gas. 

The closing of the ascension pipes during the i 
charging of the retorts may be effected, and at sodw 
gasworks (e.g. those of the Imperial Company at 
Fulham) is effected, by loeans of valves, which aX9 
shut when the mouth-pieoee of the retorts ore opene^ 
and opened again when the month-pieces are closed' 
and luted. But tho simplest and almost universally 
used apparatus for attaining this object is the Hydraulic 

The Hydraulic Jlfo!n.~By this apparatus the i 
ends of the ascension pipes are made to bend and dip- 
down into a trough containing water or tar, in such i 
manner that when the retorts are in action the ( 
(being evolved rapidly and in large quantity) easily 
bubbles through the liquid, but cannot return into tho 
retorts, while at the same time the depth to which 
the pipes dip into the liquid in the trough is Bu£G.oient 
to prevent any air or products of combustion p« 
through it from the retorts, when these vessels are 
being re-charged. 
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^^^^fiis trough, or large tube or pipe, is culled the ' 

hydranlic main. It is at first filled to the required 
depth with water, into which the upper ends of the 
ftBOenBioc pipes arc made to bend or dip. The water 
is q^aickly converted into tar by the tarry vapours of 
tbe crude gas being condensed in it ; aud thereafter it 
remains constantly in the form of tar. An ohatniction 
to the flow of gas through the " seal" of the hydraulic 
main occasionally takes place, owing to some of the 
tar being converted into pitch by the heat from the 
Bdjoining brickwork. This obstruction is more readily 
produced in proportion as tbe tar is kept longer in the 
hydraulic main ; accordingly it is advantageous to 
promote tbe overflow of tar from the main, aud Mr. G. 
liivesey recommends that the depth of tar below the 
dip pipes (i. o. the outlets of the ascension pipes), should 
be no greater than is necessary to permit of tbe gas 
bubbling frcoly tbrougb it. 

Back Pressure, — When the gaa from the retorts has 
passed through the " seal " of the hydraulic main (i. e, 
has bubbled through the tar) it enters on a new course, 
— namely, that of Purification. The crude gas baa first 
to be freed from its non-permanent elements, which 
condense into tar, and which, if not thoroughly 
flliminated, would speedily choke the subsequent pipes ; 
and secondly, it has to be puiified from ammonia, 
Bulpbur, and carbonic acid. The vessels employed for 
this purification (viz. the scrubbers and purifiers) offer a 
considerable resistanoe to the passage of the gas, varying 
according to the diflerent character of the purifying 
vessels, but usually being equal to that of fcom 20 
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to 30 JTifTri of wmler. TUa is leduucallj called the 
" back pnaaan,' bat the lenn is not a good one. 
^efri^rjngTB— cla, it isneedlen to eay, do notpren 
the pa backward, as the term ae»ns to imply; but 
titej do not admit of Hie pa ^""'•c throngb fltem 
■Btfl it baa pmioBBlj acqidied an adequate expmam»' 
or (cogreanre foMC. Tbe "back preeBnre" maybe 
Gkeaed to tbe n«iet&&c« offered by a dam to the 
at of a atretuD, which is arrested and 
8 until it aci|aireg weight or pressoie snffi- 
cdent to forc« its wvj throogh. Thna the gas, if not 
aided byqtecial app«ratns, mast remain in the hydraolic 
main nntil bj accamnhktioii it acquires enfficient force 
to make its way throngh the porif jing vesBele. This 
difficnlty must be overcome, for otherwise the ^B 
wonld have to remain in the retorts until it baa ac- 
qoited a pressore or progresBive force equal to that of 
20 or 30 inches of water ; whereas, as already etated, 
it is requisite that it shonld pass &om the retorts as 
npidly as it is generated, in order, infer alia, to avoid 
the deposit of a portion of its illnmlnating elementB 
on the heated enrfitce of those Teasels. 

The Exhavsterg.—To ofereome this back pressnre, 
and allow the gas to pass freely from the retorts, steam 
power is employed to work an apparatus called the 
Exhausters —which again i& a bad term. It implies 
that it is necesaary to use means to "eshauet" the 
gas from the retorts ; whereas the gas being mnoli 
lighter than the air, and also being evolved in large 
quantities from the coal, will naturally pass from the 
retort as rapidly as it is generated. The Exhausten 
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VDnld be more correctly called PropellerB : for their 
only nse ia, not to " exLaust " the gas from tho retorts, 
bat to impart to the gaa, after it has left the retorts, 
& forward power or movement BufEcient to make it 
overcome the resistance which it meets in the purify- 
ing vessels, and to enable it to pass throagh those 
Teasels as rapidly as it is generated in the retorts. 
Accordingly the Exhausters must bo worked with tis 
much speed as will drive forward tho gas with the 
same velocity as it iBHues from the retorts. And, as 
it ia indiiipcusable to maintJtiu the hydraulic seal upou 
the retorts (in order that no air or foul fames shall 
pase forward from the retorts during the process of 
re-eharging), the exhausters ore worked ao na usually 
to leave a " seal " of about one half inoh of tar upon 
the retorts, through which tho gas bubbles freely when 
the retorts are in action, but which is sufficient to 
prccvent the passage of air from them during te-charg- 
ing. Accordingly, in tho Exhauster house there is 
always a pressure-gauge before the eye of the work- 
man, which shows hint the depth of the seal in the 
hydraulic main ; and he works the exhaueters accord- 
ingly. Pressure-gauges ore likewise kept at other 
places ia the gasworks, and also thermometers, to show 
the back pressure and tho temperature of the gas at 
the several stages of condensation and purification. 

The Oondetigerg. — The crude gas, as it loavoa the 
hydiAuUc TDaia, has usually a temperature of 120^ to 
130° Fahr., and is then passed through a series of 
pipes and vessels of various kinds for the purpose of 
cooling it, and thereby freeing it from tho aqueous and 
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condensable tarry vapoore. As it i§ adTantageoiu to 
' cool the gas grodually, on loaying the hydrauljc 

1 usually conducted through large pipes plibcecl 
' ftgainst tho inner viiIIb of the retort bouse, and t 
I times also against the outer walls of the same bnild- 
It is then passed through cooling apparatoa of 
I Tarions kinds — namely, a series of upright iron pipes 
1 which it is exposed to the cooling actios of the 
ir ; or pipes placed horizontally in a nator tank 
" dry scrubbers," i. e. large upright iron oylinders 
filled with coke, bricks, or HucJi-Uke material, 
these means the tar is gradually separated from the 
gas, and is collected in tanks, from, which in due course 
it is removed and sold as a commercial product. The 
discovery of the aniline dyes and other useful pro- 
perties of coal-tar have made this commodity much 
I more valuable than it used to be. 

Tbo oliiof condition to be observed in condeusing 

[ to cool the gas as gradually as possible without an i 

I oonveniently largo apparatus of pipes and condensing 

I vessels. It appears to bo agreed that such a conree 

1 tends to prevent or loaseu the formation of naphthaline, 

I which is a troublesonio deposit of snowUhe crystals 

I that choke the pipes, and withdraws hydrocarbons from 

the gas, A eudden cooling is to be carefully avoided) 

as it tends to produce a deposit of naphthaline and 

diminishes the illuminating power of the gaa; but if 

the cooling be done gradually, the temperature of the 

gas may bo reduced to 60° or 40° — in short to any 

jjoiut practically desirable— without loss of illmni- 

rating jwwer. A thorough cooling or coudooBing of 
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B indiepensabla to the efficient action of the 
eubseqnest purifying vessels ; and tho temperature of 
the gas OS it leavee the condensers ought not to exeeed 
60= Fahr. 

The best method and apparntuB for condensing the 
crnde gas, after it leayea the large pipes placed along 
the walla of the retort house, is to conduct it through 
pipes placed in a water tank, through which a Email 
stream of water is constantly flowing, the pipes being 
oU on one level, and the gas facing niaiio to enter the 
pipes at the opposite end to where tho water enters. 
By this arrangement the hot gas first meets the heated 
portion of the stream, and is gradually cooled as it 
approacheB the other end of the tank where the cold 
water enters. One advantage of this water tank as a 
oondenBer ie, that by increasing or diminishing tho 
flow of water, tho temperature of the gas can he pro- 
perly regulated, whatever be the variations in the 
make of the gas or in tho temperature of the atmo- 
sphere. In addition to the water tank, large vessels 
or chambers should be employed, of such size or 
diameter that in passing through them the velocity of 
the gas is greatly reduoed, whereby the dejKJsit of tar 
is promoted-^in the same way as a rapid stream, when 
ita motion is retarded in a pool, readily deposits the 
mad which would otherwise be carried on by the 
velocity of tho curroat. A water tank of the above- 
mentioned kind might bo employed in almost all gas- 
works, without any special supply of water ; for the 
qaantity of water daily required in gasworks would 
be Buffioieut, i^ it wore first used in the condeusing 



J 



164 BRITISH MAfSUFACTURING rxDUSTSTES. 

tank. In the coDBtmction of such tanks, it ie of flie 
utmost importanca thnt the pipes should bo all on one 
level ; for if they are arranged in aeveral tiers, the 
gas will invariably paes tbrongh the upper tiers, when 
tlio water is hottest, and will shun the lower tiers, 
where the water is coinparatiTely cold. And as the 
pipes must bo sufficiently large or numerous to alloir 
free passage to the maximum make of gas, it follows 
that if the pipes bo arranged in tiers, the gas in the 
summer mouths, when the make is only one-third oti 
what ia required in winter, will pass entirely thron] 
the upper tiers, where the surrounding water 
have a temperature of mnch more than 100°. 

A process of condensing by means of pipes pi 
underground was recently tried at the new works 
the Chartered Company, at Beckton ; but it whol 
failed ; because, althongh a very great length of pipe' 
was used, the soil prevented any appreciable radiation 
of heat from it. The ordinary condonserB employed 
in gasworks are a scries of upright iron pipes, 
times annular in form (i, e. hollow, so og to in 
the radiating anxface). In practice these condom 
appear to do their work tolerably well ; but they 
open to this objection, that they are subject to all 
ricissitudes of the weather, sunshine and rain, wl 
must obstruct the proper regulation of the temperati 
of the gas, notwithstanding that an apparatus 
sionaUy employed for making water drip over 
surface of the pipes in hot weather. 

WoBhersand Sa-ubberg, — Previous to the invention.] 
gas making, ammonia was a comparatively scarce 
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daot, and was cluefly obtained from camel duag, in 
Egypt. But it soon becamQ evident that a large 
Bopply of ammonia could be obtained from cuol-gas, 
and BQ apparatus was devised for this purpose of a 
very simple kind. Water is capable of absorbing 
about 770 times its own volume of ammonia-gaB ; and 
accordingly the coal-gas, after being condensed, wae 
pflased through vessels containing water. These 
▼eaeelB, called Washers, were at firet of a very crude 
kind — merely tanks in which the water was kept in 
motion by revolving plates, and the gas was passed 
through in a tumultuous manner, in bubbles larger 
than a man's head, As this occasioned a great resis- 
tance to the passage of the gas, or, in technical phrase, 
produced a heavy back pressure, which was a serious 
objection, especially before esbausters came into use ; 
and also as the gas made its way in large bubbles, 
only the exterior surface of which was acted upon by 
the water, this apparatus fell into disuse. Another 
method of absorbing the ammonia from coal-gas was 
by vesaels in which the gas was mode to ascend through 
a heavy shower of daacending water. This form of 
washing is now rarely employed, partly from the fact, 
OF belief, that a considerable portion of the bydro- 
carbons, or illuminating elements of coal-gas, were 
eliminated along with the ammonia when the gas was 
brought GO roughly into contact with much water. 
To obviate these various objections, Scrubbers were 
adopted, and are now in general use. These are up- 
right iron cylinders, &om 20 to 30 feet in height, 
luually filled with ooke, while, &om an a^^Ta.tu& «.<. 
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the top, water is distribated equally, in fine spray or 

drops, over the mass of coke bolow. The gas, as it 

ascends through this moistened mass cf coke, is bton^t 

gently in contact with the water, i 

the anunoniacal solution called gas liqnor, ^ 

article of commercial value, from trhich the i 

is obtained by a very simple process in chemica]' ii 

Another kind of scrubber, deyisod by Mr, G. Livesey, 
has recently come into oee, in which, instead of coke, 
tbo Teasel is fitted with tliin doal boards, set in tiers 
poTpendiculorly, and slightly crossing each other, and 
at about ono-tbird of an inch between each. The 
advantage of the Livosey scrubber is, that the space 
left for the passage of the gas is so large that no back 
pressure is occasioned ; the scrobbcr is not liable to 
choke np like coke scrubbers ; and though it i 
costly in construction, it is exceedingly enduring, in A 
consequence of the tar in the gas acting aa an anti- T 
septic, preserving tbo wood from rotting or decay. 

It is not improbable, howovor, that owing to the im-l 
provements recently made iu the form of washer^l 
especially by Mr. 0. Anderson, these vcaaels will againl 
come into use, and prove more efficient than even thel 
best kind of scrubbers. In Mr. Anderson's WasherB, \ 
a series of metal plates, with toothed edges ( 
bottom, are placed so as just to dip into the vater^l 
in Buch manner that the gaa doea not encounter I 
much resistance, and passes through the water, undtfl 
each of the plates, iu small-sized bubbles. He is novl 
introducing a new apparatus for the same purposes, f 
which, alike for efficiency, convenience in i 
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and alao economy of epaco, leaves notUmg to 
bo desired. 

The Apparatus, as 
here shown, coneistB 
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Washers placed one 
above another, in each 
of which Washers 
(or separate compart- 
ments) there is a re- 
volving drum fringed 
with a hrush of whale- 
bone, or such-like ma- 
terial, which at each 
revolution dips into 
the water in the lower 
port of the compart- 
ment. In the upper 
half of the comport- 
ment the gas passes 
through the wetted 
brush, which revolves 
in the opposite direc- 
tioD to the movement 
of the gae. 

lake the separation 
of Uie tar from the gas, 
but to a much greater 
degree, this purifica- 
tioE from ammonia ie a profitable course for gas com- 
panies — in this respect differing from the otliv-x ^\wiii- 



1G8 BRITISH MAHUFACTUUmO ISDUSTBIES. 

iug process to bo afterwards described. Fur example, at, 
tlie Blackfriare GJaHworkB, where Mr. Mann 'a sernbber 
was in use, tbe outlay and profits were as follows 
There were five sciabbers, costing 500Z. or 6001. 
or less tLan 3000/. in aU ; but the value of tlie amn 
cal products obtained from these scrubbers was 3000Z. 
per annum; while the cost of labour per i 
Host to uutbing, the scrubbers being self-acting and. 
the coke with which they are filled requiring to bs- 
chaaged (at the cost of about 10/. for each scrubber} 
only ouce in two or three years. Hence the cost of' 
construction was in this instance repaid in a singlst 
year, and thereafter a large annual 
from those vesselB. 

Anunonia, althongh in itself an agreeable sabstouce, 
constituting the pleasant stimulant of smelling salts, 
an impurity in coal-^as, in the sense of being a nuisoni 
to the gas consumer ; for when burnt along with the 
gas it loses its character as ammonia, and is resolved 
iuto its elements (munely, one volume of nitrogen, and 
three volumeB of hydrogen), which, uniting with the. 
osygcn of the atmosphere, forms nitrous acid and 
watery vapaur. The nitrous acid, wtiich tonds to 
become nitric acid, by continued oxidation by the 
atmosphere, acts most injuriously upon metal fittings 
and ornaments, especially upon bronze, brass, &c, 

Tlte Purijieri. — These vessels are especially designed. ; 
for the purpose of purifying the gas from sulphur, or 
&om sulphur and carbonic acid, Oarbonio aoid dete- 
riorates the illuminating power of gas, but it does not. 
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occasion any nuiBBuce to ga,B consmnerB. The Bolphur 
D coal-gaB, however, couBtitutea n, most objectioiiable 
uupnritj] not only from its causing a bad amell (and 
leakages of gas not infrequently oucur in houaea), but 
from the production of Bulphuroua and Bulphuric acid 
when tho gas is burnt. It was at one time Btrenuoualy 
mftintftined, eapecially by Mr. L. ThompBon, that no 
Bulphuric aciil iB formed by the combustion of coal-gas 
containing sulphur ; but this ib quite erroneoiiB : 
indeed, on testing the white film or incroHtatlon formed 
in the cylinder of aa Argand burner, I have frequently 
found the presence of sulphuriu acid. The evidence 
of Dr. Letheby, supported by general experience, 
shows that apart from the fouling of the air of rooms 
where gas is used, the Bulphur-acids produced by its 
oombastion damage the binding of books and many 
articles of foi'nituro to a serious extent. Indeed, it 
is the presence of Bulphur in it which constitutes the 
greatest objection to the nse of gas, and which in many 
cases has hitherto excluded it from drawing and dining 
looms, OT in Bome houses altogether. 

The material first employed in Purifiers was lime, 
which is capable of absorbing both the sulphuretted 
hydrogen and the carbonic acid contained in coal- 
gas. But lime is costly, dirty in the gasworks them- 
HelvcB, and occasioDe such a nuisance to the neigh- 
bourhood, in the shape of Bulphuretted lime, that 
it8 employment in purification is objected to in the 
nrboii districtB of London, Eind is being more and 
more objected to in all large towns. Oxide of iron ia 
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a perfect absorbent of sulpburetted hydrogen, and 
occttBioDB no Duii^ance as compared nitli lime ; and 
Bome twenty ycare ago, Mr. F. Hills found that it 
could bo revivified Bimply by the action of the atmo- 
Bpbere ; so that, although a more coetly material than 
lime, it was much cheaper to use, as it could be emr 
ployed over and over again in the purifiers, and there- 
after Bold as an article of commercial value. A long 
and costly Ian-suit ensued between Mr, Hills and the 
Chartered Company, who denied his patent rights, but 
the decision of the Court fully eBtablisbed Mr. HilW 
claim to this invention. The mode of using oaide of 
iron is as follows : As soon as it has become so 
saturated with sulphuretted hydrogen as no longer to 
purify the gas adcquatoly, the material is taken out 
of the purifiers, and exposed to the air ; when, being 
acted upon by the oxygen in the air, it reverts to its 
original condition, while the sulphuretted hydrogen 
which it hod absorbed is released from the iron, and 
remains in the material as free sulphur in the form ol 
ft fine powder. In this manner the oxide of iron 
employed over and over again in the purifiers, until 
the sulphur accumulates in it to the extent of 40 
50 per cent., and it is then sold to the chemical works,, 
where the sulphur is obtained from it by roasting, and' 
the de sulphuretted oiide of iron is ready to be used 
again as fresh material in the gasworks. This in 
tion, however, is now seen to have hod one very 
detrimental efi'ect — namely, that, as oxide of iron h&s 
no power to absorb carbonic acid, the greater part of 
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thie Bnbstance was left in the gaa, thereby seriouHly 
r educing the i nominating power. 

Lime is used in purifiers on & series of trays, and in 
layers seldom Qxceeding 6 inches in depth. Oxide of 
iron, which ofTars less resistance to the passage of the 
gas, is used in a similar manner, but in layers of 
18 or i!4 inches deep. 

By far the larger portion of the sulphur in coal-gas 
exiats in the form of sulphuretted hydrogen ; and, as 
already said, can be eo easily removed that it haa for 
long been totally prohibited in this form under penolty. 
But the anlphur impurity csists in other forms, chiefly, 
if not entirely, as bisulphide of corbon, the most stink- 
ing of all coal-gas elements. Dr. Letheby, as tho 
sanitary ofQccr for the City of London, and the gas 
examiner for the Corporation, was the first to call public 
attention to the noxious character of this impniity ; 
and in the London Gas Act of 1860 it was enacted, that 
any company whose gaa contained more than 20 grains 
of Bulphur in thia form, should be liable to heavy 
poualtioE. Nevertheless, as no reliable or adequate 
method was known of purifying it from this impurity, 
iheee penalties were not put in force. Indeed, even at 
the new works of tho Chartered Company, at Beokton, 
where the purifying apparatns is on the largest scale, 
wdA where lime has been usod in unusual amoant, tho 
&ilnre of the sulphur purification was so great, that 
the gas manufactured at these works contained nearly 
40 per cent, more anlphur than was the case at the old 
ttnd abandoned works of the same company. 
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In the beginning of 1872 I devised a method of 
employing lime pnrifiers on a new principle, whereby 
the contonts of any required number of these veBsels 
can be converted by the action of the gas itself into pure 
Bulphidc of calcium, and thereafter maintained in this 
condition aa long aa may bo desired ; and it has since 
been demonstrated on a practical scale, that this process 
is perfectly adequate to purify coal-gas from bisulphide 
of carbon. I have also applied the same principle 
processes for the systematic production of other 
alkaline sulphides in gasworks by the action of the 
gas itself, and also to the employment of alkaline 
vessola in such manner as to purify the gas from its 
impurities, viz. carbonic acid, sulphuretted hydrogen, 
and bisulphide of carbon. When these processes are 
generally adopted, a long-existing difEculty will be at 
an end, and the objections to the ase of gas in well- 
fumiBhed rooms will at length be removed. By some 
of these processes the whole work of purification 
ia performed in closed veasels, thereby preventing 
nuisance, which ia so objectionable in urban districts ; 
and by one of them, I employ one gas imparity 
(Ammonia) in such manner as to eliminate ali the 
others (viz. 00„ SH,, and 08.) while being itself re- 
moved. 

QoBholdere are also called gasometers, but as the 
metering of the gas is a subsidiary matter, it is better 
to call them Gasholders. A gasholder consists of two 
parts : the water tank and the holder. The Tank is aa 
excavation in the ground, lined at the sides and. 



GAS AND LIGSTISG. 



173 



bottom with strong water-tight masonry or concrete, 
uid filled with water. The Holder is a large circular 
TeBBol framed with plates of sheet iron, lilie an inverted 
tmnbler, and snpported by iron pillars, with pulleys to 
allow the free rising and sinkiDg of the vessel. Tho 
holder, which is a little leas in diameter than the tank, 
is immeraed in tho water so far, that when the lower 
rim of tho holder reaches the bottom, a clear space is 
left betwoen tho top of the holder and tho surface of 
tJie water. The gas is then admitted by a pipe, tho 
outlet of which is ahove the surface of tho water; and 
as the gas enters, the holder rises nntil it is wholly 
filled with gas. The apparatus may be familiarly 
explained thus : Take two straight-sided tumhlore, 
one of which, being a little smaller in diameter, 
when inverted, fits into and descends to the bottom 
of the other, or lower one, which is nearly filled 
with water : a tube rising through the bottom of the 
lower tnmblor up to the surface of the water admits 
the gaa, which fills and raises the npper tumbler 
— care being taken that the lower rim of the upper 
tmnbler always remains in the water, thus preventing 
the gas from escaping, in technical language " sealing " 
the holder. 

Sometimes gasholders are made in the " telescopic " 
form, or " douhle-lift," to save space and also the cost 
of a tank. So made, when the first lift (the common 
single holder) is filled with gas, tho second lift, or 
additional holder, fills and rises in like manner. The 
lower rim of the second lift is scaled in the water 
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like the first one, but in a much cheaper manner, which 
may be figured thiia : 




• m 




FiQ. 2. 0, Inlet; b. Outlet, 



The eidsB of the holder consist of Beveial tiers otm 
metal plates of uniform height, say 3 feet; and aponil 
each is marked the cubical space which it representa in J 
the bolder, is 1000 feet of gas, so that at a glance the J 
quantity of gas is at once seen. Tlio holder is also I 
weighted in such manner as to impart to the issuing i 
gas the amount of prossure requisite to give the I 
proper eupply to the public. Gas in pipes readily i 
ascends to any height without pressure being imparted -J 
to it ; but if any part of the distiict supplied is below \ 
the level of the gasworks, pressure front the hoIdeK ii 




GAS AND LIGHTING. 175 

teqtiired at the rate of an inch for every 100 feet of 
lower level. 

The Meier. — On issuing from the Holders, all the gas 
is pOBBod through the Meter-honse, TChere the amount 
of the supply is nioaeaied and registered. 

It is tiBual to have in the meter-house a Lowe's jet 
photometer coostantly burning, in order to show at 
aU times the illuminating power of the gae. The 
principle of the apparatus is this, that, when gas is 
consumed in a jot burner, under an invariable rate of 
pressure, the length or height of the flame will cor- 
rectly indicate the variations in the illmninating power 
of the gas. 

To produce gas of the illuminating power required 
in London, namely, 16-candle gas, from 3 to 8 per 
cent, of cannel coal had to be used in the retorts along 
with the common Newcastle coal, — but now it is found 
that cannel coal can bo diapcnsed with, provided the 
gas be thoroughly purified from the carbonic acid, 
1 per cent, of which reduces the illuminating power 
of gaa by at least 7 per cent. When a fog occurs, 



whereby the consumpti 
suddenly and largely 
used in unusual quanti 



a of gas light by the publio is 
r increased, cannel coal has to be 
tity, in ordor to increase both the 
quantity of the gas and also its illuminating power, 
whereby the same quantity of gas goes farther. By 
this meanH, without increasing the number of retorts in 
action (which it is impossible to do on the instant), the 
companies are enabled to meet the eitra demand fur light 
when suddenly arising. As the cost of an ordinary-sized 
gaahoLder is 25,0002., the storage of gas is an espeuaive 



176 BRITISH MANUFACTUSma INDUSTRIES. 



proceBs ; and moreoTer many of the London gaswo^l 
have no space for tho conEtmction of additional | 
holders ; eo that in some cases the storage does i 
amount to twelve hours' supply, and in none of thowoi 
of the Loudon companies, even thoae out of town, d 
the storage of gas osceed a single day's snpply. 
the eome time, any sudden increase in the make of g 
ia impossible ; because, even when there are retorts il 
reserve, it takes about three days' time to properly 
heat up to the proper temperature a bench of r 
which has been lying idle. Accordingly, it is only 1 
by moauB of an inoreased use of caanel coal in the' J 
retorts, that the companies can meet any sadden dem: 
upon them for more gas light. 

Proved Ptiicegtes and ImprovejnerUs in Gag Sfati'og 
— Gas making is so extensive and so profitable a 
dnstry, that the patents taken out in connection w: 
are well nigh innumerable. The remarkable rise ij 
tho price of ceal, and the serious strike of the { 
stokers in London, recently gave a special : 
to such inveutiona. The most important of thea 
proposed new processes have been devised with a Tie* 
to find other means of making gas than from coal, a 
relate to the employment of oils in various manner 
either as entire Bubstitutes for coal, or as ausiliarii 
In both cases the inventors adopt what is known ai 
" carburetting " system {which might be better t 
" carbonating"), whereby either air or poor gas isp 
through vessels containing naphtha, petroleum, or i 
like substances, the rich carbon vapours from wi 
mix wi^ the air or gas passed through them, yieli 
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a high illnminatiiig power. Tho principle of all these 
inventions has long been known and frequently tried 
praetically, the only difference being in the details rf 
tile several processes. 

Oil-gas companies were formed at a very early 
period in the history of gas manafactnre ; and at first 
this method of producing light found great fiivour, and 
seemed likely to prove a formidable competitor to coal- 
gas. But one by ono these companies collapsed : tho 
most notable case being at Bath, which town was fully 
lighted by oil-gas, but it entirely failed, and coal- 
gas had to be substituted. More recently the carbu- 
retting or carhonating system came into vogue, but 
Mtbeito it has proved unsuccessful. It would be 
wrong, however, to conclude that the above-mentioned 
processes of gas making must necessarily fail ; for, as 
has frequently been found, a very slight altonition in 
tiie form or application of apparatus may produce most 
important results, and at length crown with success 
projects which had long he«n found impracticable for 
common use. 

The defect which hitherto has been foimil insu- 
perable alike in oil-gas and in the carbouating process 
has been the non-permancnco of a considerable portion 
of the illuminating vapours thus produced in convey- 
ance, in consequence uf which tho gas quickly loses 
a portion of its illuminating power, while the pipes 
are choked up by the deposit of the carbon constituents 
of the gas, rendering the process imworkable. 

Of the new processes, or revivals of old methods, 1 
xoky meution, firstly, the " air-gas," which i 
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passing common ur tlirongb a closed veesel containing 

petroleum or resinous conipoundB, the volatile carbon 
Tftpours froiu which snbBtanceK mii with the common 
air to such an estent as to render it illnminating. 

Another uf these methods \s to produce hydrogen 
gas (which on being burnt yields great heat but hardly 
any light), and thereafter impart to it illuminatiiig' 
power by the carbouating procesa. One way of doing 
this 18 by conveying snperhcated stoaia into retorti 
oonteining a mixture of iron and coke raised to a hi^ 
temperature. The steam (the constittientB of whidi 
nre oxygen and hydrogen) is thus decomposed, the 
oxygen combining with the iron and coke, while Iba 
hydrogen passes forward jnet bb coal-gas does from th* 
retorts, and thereafter is carbonated with the vapot* 
of petroleum. Whatever he the fate of this invention, 
it is a trial in the right direction. As hitherto o 
ducted, however, the process, or practical applicatitm 
of the principle, is open to serious objoctions. Firstly, 
a portion of the oxygen from the decomposed s 
which unites with the coke in the retorts prodaoeB 
carbonic acid and passes forward with the hydrogen! 
this carbonic acid seriously reduces the illuminating 
power of gas, and although it can be easily removed b 
passing the gas through lime, the cost of doing bo i 
undoubtedly a drawback upon the process. Secondly, 
a portion of the oxygen which unites with the ooke iK 
the retorts forms carbonic oxide, thereby largely i 
creasing the amonnt of this substance (which is I 
deadly poison) which usnally exists in coal-gai 
for the removal of which there are no known n 
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A leakage of ordinary coal-gas has frequently proved 
fatal : indeed it has been found that the atmUEphere 
of a bedroom becomes fatal to a sleeper olthciugli the 
admixture of gas is less than is requisite to render the 
air explosive, which ia about 11 per eent. But if 
carbonic oxide be present to the extent in which it 
exists in the gas made by the above-mentioned procees, 
a very email leakage of the gas might prove fatal. 

Apart from the wcll-kuown difiiculties attending the 
carbonating system {which is the chief feature in both 
of the above-mentioned inventions), owing to the lia- 
bility of the illuminating vapours taken up by the nir 
or gas passed tbrongh volatile oils to bo partially 
deposited again in the pipes, with a corresponding 
reduction of the illuminating power of the gas, the 
important practical question remains r Will any of 
these new processes pay ? It is impossible at present 
to give a decisive answer to this question : but an im- 
portant euusideratioQ which must be taken into account 
IB this ; if pttruleiun or other carbonating substances 
<M>me into use as substitutes for coal in gas making, the 
price of these substances will rise with the increased 
demand for them, so that the present price cannot be 
token as a hxed element in computing the cost of 
working those now processes. 

Another of the recent inventions was that of Dr. 
£vQleigh, known as the " patent gas," which excited ex- 
traordinary interest and temporarily foimd great favour 
with the public. The main feature and object of this 
invention was to convert into gas the greater part of 
kh« tar produced in ordinary gas making. "C^ft i:«:ft\.\% 
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first distilled in retorts at a low temperature, wtereby 
an unusual amonnt of tar is prodaced, with a corre- 
spondingly smaller quantity of gas, but of high illu- 
minating power; thereafter the tar ia placed in v 
where it is distilled and converted into gas, witli tbo 
exception of a portion of it which ia left in the form of 
pitch. The same questions apply to tli's invention as 
to the preceding ones, namely ; First, is tbo gas made 
from the tar really permanent, or is a portion of it 
liable to be deposited in the pipes, with a corresponding 
loss of illuminating power ? Secondly, supposing the 
process were successful, would the larger quantity rf 
gas produced by the distillation of the tar more than 
compensate for the double process of distillation, and 
the greater numbor of retorts required owing to the 
low heats employed, and conseqaontly the longer tune 
required to distil a given quantity of coal? This 
"patont gas" was tried on a manufacturing scale at 
Bamet, where the works were inspected and the pro- 
cesses reported on by Dr. Odling and Mr. Eeates. 
These eminent gas-chemists did «ot express any 
distinct opinion on the procesB, but some of the results 
obtained by tbcm did not bear out the anticipations 
of the patentee; and ultimately the invention proved 
to be a failure. 

The recent strike among the London gas-stotets baa 
secured the fullest consideration for the project at 
substituting steam power for manual labour in the 
charging of retorts ; and gas-stoking machines have 
obtained an extensive trial; bnt on the whole with 
disappointing reauUa. The ttne source of economiziiig 
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labonr of this Idud seems to lie in ei different direction, 
namely, the adoption of some method by which the 
retorts can be filled by a hopper at the top, and emptied 
simply by opening theta at the bottom. Upright or 
yertical retorts of this kind have been patented by 
Messrs. Porter and Lane, with the important addition 
of an iron screw with oblique blade, revolving ajHin a 
vertical axis fixed in the centre of the retort. The coal 
is dropped by a hopper upon the blade of the screw, 
which, slowly revolving, keeps a spirnl line of coal 
constantly in contact with the inner side of the retort, 
whereby the distillation is conducted in a more regular 
and perfect manner than by the ordinary retorts. 
This invention also has failed of success, chiefly owing 
to the metal screw being quickly damaged by the 
intense heat to which it is exposed. 

Ofu Testing. — The supply of gas to any town or 
diBtrict is practically a monopoly ; for if competition 
be allowed, the double set of pipes required is a great 
inconvenience ia the public etrcets, and is also aa 
additional expense, which iu the end falls u^wn the 
gas consumers. On this account Parliament now deals 
with the gas-supply in the Dianuer requisite in regard 
to all other monopolies, by imposing conditions upon 
the gas companies to secure the interests of the public. 
Accordingly all the larger gas companies are gradually 
being placed under restrictions as to the quality of tho 
gas which they supply. 

Since the passing of the Metropolis Gus Act of 1868, 
ft very perfect system of gas testing has been esta- 
Uished in Loudon ; and although some of the London 
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gas companies are still exempt from this oScial teetin^ 
it must soon bo extended over the whole ef tliem. 
Under tliia ejetem, a testing sbition is appointed for 
each gnswork by the Qas Beferees, who give inBtrue* 
tions a& to the fitting-np of these stAtions, and also h 
to the mode in which the testings are to bo condacted 
by the gas oiaminors, who are appointed by the mi 
cipal authoritiBS. The testings are made daily, i 
there is a chief gaa eiamiDor, to whom appeal may be 
made by the gas companies. The testing stations so 
established are models of their kind, and show the peF> 
fcction to which the entire apporatns ef gas testing hi 
now been brought. 

Preriona to 1868 the testings for snlphuretted 
hydrogen were made by exposing a test-slip of acetate 
of load paper to the gas merely for about a minntei 
The gas referees extended the time during which the 
test-slip is exposed to the gas to three or five hoac% 
whereby the testing was made much more stringeat: 
for sulphuretted hydrogen acts cumulatively on acetate 
of lead in such manner that ga£ which appears per- 
fectly pure when the slip is esposod to it for a m 
or an hour, or even for twelve or twenty hours, will 
nevertheless stain the test-slip by longer exposure. 

The testing for ammonia used likewise to be mada 
hy exposing a teat-alip of turmeric paper to th 
for a few seconds. The gas referees made the testing 
for ammonia continuous for twenty hours, by passing 
the gas through a small cylinder containing small glass 
beads, and filled with a solution of sulphuric acid, by 
which means the whole of the ammonia is anested, and. 
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e axact quality of this impurity correctly determined. 
The referees at firet allowed as a maximum 5 grains 
of ammonia per 100 feet of gas ; but ua soon as the 
companies had time to perfect their ammonia purifi- 
catore, the referees reduced the maximum to 2^ grains : 
and the result ia that tho entire gas supply of London, 
so fer as it ia under the supervision of the referees, is 
now free from ammonia. 

For what is technically called " sulphur," i. e. sul- 
phur in other forms than sulphuretted hydrogen, the 
official or staadard apparatus used to be Dr. Letheby's 
sulphur test, a simple and convenient apparatus, but 
which was known to be imperfect. The referees 
devised an apparatus, now known as the "referees' 
sulphur test," which is even more convenient for use 
than the Lotheby instrument, and also detects 20 per 
cent, more sulphur in the gas. Mr. V. Harcourt has also 
produced a very perfect instrument, hut troublesome 
in practice, very liable to breakage, and quite uneuitahle 
for general use. This instrument was tried along with 
the referees' tost, and a series of esperiments showed 
that the results obtained were perfectly uniform (there 
being only half a grain of difference in favour of the 
referees' tost), so that both of theao instruments may 
bo regarded as perfect, although Mr. Harcourt's instru- 
ment is wanting in the simplicity and conveniency 
which characterize the referees' test, which accordingly 
has been adopted as the standard. 

The illuminating power of the gas likewise is daily 
ascertained iu the testing stations by a series of test- 
ia^ extending o?er thiee hours in summer and five 
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hours in winter ; and the bnmer employed in these 
tostingB IB a Sngg'a bntwing for cannel gas, and for 
common gae a Sugg's " London " Argand, No. 1 ; and 
these burners are now generally adopted ae the ataudard 
tost-bumers for common and cannel gas reepeotivflly. 

Gab Liqhtiso. 

The price of gas Tariea with ite illuminating quality; 
that for cannel gas being much higher thau for common, 
gas. In fact what gas oompaniea give and what the 
public pays for, is not bo much gas but so mnch Light 
The companies supply the illuminating material, hut 
the public are left to develope light from this material 
(namely, gas) in their own way, or as beat they can. 
And hitherto they have done this very badly. 

The late rise in the price of coal haa directed 
attention to the great waste of heat occasioned by the 
very defective form of the grates in ordinary use ; the 
result being the same as if the pnblic threw away 
mmsed a large portion of the coal which they piii» 
chase. A still more striking, though less importuit, 
waste occurs in the employment of gas, owing to th8 
multitude of very bad burners in general ubb. 

In their investigations connected with the choice of 
a standard burner to bo employed in the official testing 
stations, the gaa referees made and tested a large col- 
lection of all kinds of burners obtained from the leading 
gas-fitting ostahliBhmenta; and on teeting these burners, 
the startling fact was ascertained that the amount of 
light obtained from gas varied immensely^&om 30, 
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np to 100 per cent. In other words, Bome of the 
bomerB in geneml nse gave only one-fifth part of the 
light given by the otliere ; and the majority of them 
gave little more than one-half of the light which can 
be obtained from gas of the same quality when oon- 
BDmed in the best kind of burners ; a fa«t which was 
corroborated by an examination which I made of the 
gaa-lighting arrangements in sorao of the largest gaa- 
consiuniiig establiBhmenta in the City. 

Every improvement in the construction of gas- 
boToere iB equivalent, in its economical effects, to a 
disoovery of a Tnethod of cheapening the raannfactnre 
and enpply of gas ; for it enables the public to obtain 
more light from the gas which they consume and pay 
for. The improvement of bumerB is also important 
on eanitary principles ; for aB by this means the re- 
qnired amount of light ie obtainable from ft smaller 
quantity of gas, the atmoBphero of rooms and work- 
shops is proportionately loss vitiated. In consequence 
of less gas being burnt, the pemicions prodnctB of 
combufition discharged into the air (viz. carbonic acid, 
the sulphur impurities, &c.) aro equally diminished, so 
that the condition of the occupants of private dwellings, 
and stiU more of the workpeople employed in factories 
and other large establishments, is rendered more com- 
fortable and more healthy than it could otherwise be. 

Ever since the experiments of Chriatison and Tnmer 
in 1825, it used to be held that gna gives a larger pro- 
portion of light when it is bnmt in large qnantities than 
in Bmall : in other words, that the larger the quantity of 
gas oonsumod in any kind of burner, the larger will he 
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the proportion of Ugbt obtained irom the gas. Sncli 
doctrine is plaiulj opposed to common sense, and to 
tlie ordinaiy course of nature : neverthelese the dogma 
held its ground, and most erudite diequisitiona 
publialied in support of it, mid elaborate explanations 
ofiered of the alleged tact. Froperlj condncted i 
ligations, however, made by the Gas Referees, have 
demonstrated the utter fallacy of this long prevalent 
doctrine, and have provod tbat the observed variatioDB 
in the illuminating power of gas upon which the 
doctrine viae based are entiroly due to the burners. 
Every burner is fitted to consume a apecial quantity of 
goB of a given quality, just as a rifle is specially 
adapted for a special boll and charge of powder. And 
80 utterly erroneous is the above-mentioned doctrine 
(latterly known as " Farmer's theorem "), tbat it might 
AS well bo reversed ; for with many burners, indeed 
with all fishtail and batwing barners, the gas yields s 
larger proportion of light when it is consumed 
smaller quantities than in larger ones. The correct 
statement of the matter is this, that with every burner 
there is a certain point of gas-consumption at which 
the burner gives iU moiimum of light, and that if the 
consumption be eitlier increased or diminished from 
tbat ]ioiiit, the proportion of light obtained from the 
gas will be reduced. At the same time, as already 
said, even taking each kind of gas-burner at its best, 
the difference in the quality of the gos-bamera 
general use is so great, that some of them yield only 
ono-foui'th or one-fifth of tbo light obtainable from 
burners of the best construction. 
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Tie chief point to be observed alike in the con- 
straction and in the employment of burners, is the due 
regulation of the air-supply to the flame. This de- 
pends partly on the size and shape of the gas-fl.ame, — - 
for, of course, the larger the Eurfnce of the flame, the 
more is it brought in contact with the air ; bnt etill 
more upon the draught, whereby the same extent of 
surface will bo more or less exposed to the action of 
the air. As regards Argande, the draught upon the 
flame is regulated to a great degree by the chimney or 
glass cylinder, which is indiapensablo for this kind of 
banter ; but, partially as regards argands, and entirely 
as regardfl naked bumerH (i. e. fishtails and batwings), 
the air-Bnpply ia affected hy the preggare under which 
the gas is burnt — in other words, by the velocity with 
whioh the gas issues from the burner. The stream of 
burning gas from the burner, rising through the qiii- 
BBoent atmoaphcro of the room, draws in the air upon 
itself just as a rapid stream passing through a pool or 
lake disturbs the stilliiess of the pool, and draws in 
npon itself in eddies the surrounding water ; and the 
more rapid the upward stream of gas (i. e, the greater 
the pressure under which it issnes from the burner), 
the greater is the (i«antity of air thus drawn in upon 
the flame. 

The richer the quality of the gas, the better does it 
bear contact with the air, because more oxygen ia 
leqnired to produce its perfect combustion. But with 
what is termed " common " gas — i. e. gas of from twelve 
to sixteen candle power — the difliculty is to heep doien 
the uT-supply, I'ttJer alia, by regulating the pressure of 
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tbe gae as enpplicd from the worka. An excesBiva 
draught upon anj flaino tends to cool it, and pro tavlo 
dimmisheB the vibrfttory movement of ita atoms which 
produces light. Moreover, an escessive draught, finch 
as IB created when gas is burnt under high presettre, 
tends to mingle the air with the issuing gaa-Btreun, 
producing, in a small degree, the results obtained traai 
a Bnnsen homer, a well-known apparatufl for obtain< 
ing from gas a hoat-giving and smokeless, but elmost 
non-luminous, flame. It is usually held that the 
Bunscn bm'nor yielde a greater amount of heat than 
any other gas-flatne ; but experiments which I have 
made show that this is a mistake, and the expla- 
nation readily presents itself. Since, in the Bitnsen 
burner, air is mingled with the gas helow the point of 
ignition, the gas is diluted with one, and sometimes 
with two, incombustible elements, — namely, with the 
inoombuBtible nitrogen, which forms three-foortba of 
the atmosphere, and also, in Bome cases, with an excess 
of oxygen, which, in so far as it is in esoess, is like- 
wise incombustible. Hence, in a Bunsen burner, the 
gas is diluted with one, and it may be with two, non- 
luminons bodies, which abstract a portion of the heat 
generated by the burning gas ; so that the gas- 
cannot attain the heat, and consequently the intensity' 
of luminiferous action, which it can do when burnt 
alona Even so, though in an infinitely lesser degree, 
does on escessive draught upon the flame, produced by 
over-pressure or otherwise, diminish the amount «rf' 
light obtained from gas consumed in ordinary burners. 
To Bhovi the action of the air-aapply upon a gafr- 
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), and the remarkablo yariations in tho size and 
lominogity of tlie flame eo produced, take an Argand 
bomer of the best kind — say, Sugg's London Argand, 
No. 1 — eoBsumiug 5 feet an lionr of sixteen-candle 
gas. Without its chimney or glass cylinder, the 
burner gives a waving yellow flame about 8 inches 
in height, and usually smoking. The gas-streitm, in 
&ct, extends itself upwatds until, by the size of the 
flame, it comes in contact with the air to the requisite 
extent to piodnce entire, or almost entire, combustion 
of the gaa. Put on a chimney of the most suitable 
kind for this quantity and quality of gas, and the 
height of the flame ia at once reduced by one-half ; 
neTertheless, the illuminating power of the flame is 
increased by one-half. The explanation is, that in the 
latter case the brilliancy of the flame, owing to the 
intensity of the combustion, is so much increased as to 
far more than compensate the diminution in the size of 
the flame. Instead of a tall, dull, yellow flame about 
8 inches in height, we have a flame barely 4 inches 
high, of brilliant white, which gives one-half more 
light than the taller flame does. The cause of the 
shortening of the flame is the more rapid combustion 
of the gas, owing to the increased draught or air- 
supply produced by the use of the chimney. Being 
consumed in half the time, the gas-flame rises to only 
one-half its former height ; but the increased intensity 
of combustion (in other words, the higher tem- 
perature at which the gas burns by obtaining an in- 
creased air-supply), produces a much greater amount 
of light from the shorter flame than from the taller 
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one. In this case, the air-supjJy 'ie brought ei&ctlj 
to ite proper amount. But if ne §till further increBao 
the draught upon the flame, by ueing taller chin 
opposite results commeace. The brilliancy of the flame 
still continues to increase, but no longer to such an 
extent as to compensate for reduction in the size of the 
flame. Accordingly, while an increased draught oE 
air-supply greatly iucreasos tlte light of the gas-fiamo 
up to a certain point, any further increase of tho - 
draught seriously reduces tlio luminosity of the flame, 
thereby producing a waste of gas. 

The eflects of an inadequate draught or air-supply 
to the flame (however produced) are so readily notice- 
nble, by the flame smoking or assuming a dull flagging 
appearance, that it is the fault of gi 
selves if this osist. But the case is very d 
regards an excessive draught upon the flame — com- 
monly but incorrectly termed " over-combustion ''— 
whether of gas or of oil ; for in this case there are ni 
obvious signs of the waste that is then going on — th 
flame never smoking, and its colour being white and , 
its form steady. Nevertheless, it is in this manner 
that the great waste of gas occurs. Indeed, it may ba 
safely aflirmed that about one-third of the whole gae~ 
supply of the United Kingdom is thus wasted ; and a 
the gas rental of the kingdom is probably about ninS' 
millions sterling, the serious character of this wastd 
of gas is sufficiently obvious. The chief cause of tha 
waste is the badness of the burners ordinarily supplied* 
to the public by gosfltters ; the second and subordi-- 
nate cause is the ignorance on the part of the publ 
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IB to tlie proper manner of employing gas — or, in other 
words, of using good burners when tliey get them. 

Until recently, the only idea entertained ab to the 
conetrnction of burners was to puncture their top in 
such a manner as to produce a Bmokelees flame ; and the 
prevailing defect of the immense multitudes of burners 
Etill supplied to the puhlic is, that the oriheea are too 
email, in consequence of which the gas issues &om the 
burner under on excessive prossaro, the effect being, &b 
already said, to sobject the flame to au escessive 
draught. Moreover, until recently, gaefittcrs {as well 
OH more learned men) were so ignorant of the principles 
of gas combustion, that they made little difference in 
the kind of burners which thoy supplied, however great 
might be the difference in the ricbaeBB of the gas 
or the quantity which was meant to be consumed : 
whereas, as baa now been demonstrated, even the bost- 
couBtructed bumerB fail to develope the full amount of 
light from gas, unlees the quantity or quality of the 
gas is precisely such as the burners are specially de- 



Withia the last five or six years a great improve- 
ment has been made in the construction and fitting up 
of burners, but as yet the work ia well done only by a 
very few of the numorons gaefitting catabliBhmeuts. 
Mr. Sugg, of Westminster, who has thoroughly inves- 
tigated the subject, has produced a series of Argand 
bnmera, for consuming different quantities and quali- 
ties of gaB, which may be regarded as absolutely perfect, 
and the light which they give is the most pleasant and 
beautifnl which can posBibly bo obtained from gas. 
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His naked bnrnerB, i. e. fishtails and butwings, are also 
excellent ; bnt in thie department ho has able i 
petitoTB in Sir. Leoni, of Lundon, and also in 
burners from the German manufactory of BroDUer. 
In all good burners there ia an apparatus by which the 
pressure of the gas is more or less checked prior to 
the point of ignitioa, in order that the gas may ii 
from the orifices of the burner with no more pressure 
than is indispensable to produce a steady dame. The 
principle of tbis apparatus is very simple, and consists 
chiefly in making the orifice at the bottom of the 
burner of smaller size than the orifice at the top from 
which the gas issues. The kind of apparatus by which 
this object is attained varies greatly. Sometimes small 
perforated metal discs are placed in the burner, some- 
times merely bits of wool, to check the flow of gas, 
Bronner simply makes the orifice at the bottom oj 
batwings smaller than the ori£ces at the top, — th 
spectire size of the orifices varying ia such a ma 
that by using one or other of his series, it will prova 
suitable for any locality or presBuie. Mr, Sugg pre* 
fers to supply a cone which can be adapted to any 
presBUre, simply by Bcrewing it into the burner to 
greater or lesser extent. By this means Mr. Sugg'e 
burners can be readily adapted to every locality, where- 
upon they produce an economy of gas and at the I 
time yield an excellent light. 

The first point, then, for gas consmnere i 
supply themselves with really good burners ; and 
although the cost of such burners is much greater 
than that of the ordinary bad ones, the extra 
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IB tax more than repaid by the Having in the gas 
bill, while at the same time the light yielded ie in all 
respects satisfactory. The next point for the gae oon- 
somer is to take care that the good burners are 
properly fitted up ; and in many parta of the kingdom, 
nay in London itself, there are very few gasfitting 
eBtahlishments whose workmen have the knosrledge 
(simple thongh it be) for fitting np burners in the 
manner demanded by the eircumstances of each locality, 
— that is to say, by the average pressure at which the 
gas ia sapplied to any particular street or house, which 
is greater in proportion as the house is above the level 
of the gasworks. Sugg's men can do this admirably, 
and I doubt not the establishments of Leoni and of 
Bronner (whose London agent is Mr. Greene) may 
also be trusted in this important branch of gasfitting. 

Bat more than this requires to be done. After good 
bumere have been obtained, and also properly fitted 
up, there remains this difficulty, that great variations 
occur every night in the pressure at which the gas is 
supplied. The burners, if properly adjusted, will 
consume the gas admirably so long as the gas is 
supplied at the ordinary pressnre for the particnlar 
house or locality; but, as everyone must have noticed, 
the pressure or supply of gas varies greatly in the 
course of the evening. For esample, in winter, if a 
burner lias been lighted before actual darkness sets in, 
soon afterwards the flame will suddenly flare up and 
smoke, although the tap has not been altered. This ia 
owing to the pressure for the night being put on at the 
^taworks, whereby, although the orifice of thfi W<) 
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remams the eame, perhaps doublo the qTumtity of g 
is paEsed through it. In like manner, towards mi 
night, just after tbo ehope and theatres close, a m'mi'^f 
rush of gas takes place, and continues until the t 
whon the pressure at the gaeworks is taken off. Theen 
and all othor variations in the pressure or snpply a 
gas can bo wholly nullified in their action npon t 
burners by the usoof a"goyemor,"^~aself-aotingeipp»' 
mtus, so constructed that every increase in tha snpp^ 
or pressure of the gas forces up a cone farther i 
tho inlet for the gas, proportionately narrowing th6 
inlet, and thereby maintaining tho pressure or anppl} 
of gas within tho house perfectly steady and uniform. 

However skilfully humors may bo fitted op in I 
house, the differonco between good and bad bnmeM 
cannot possibly be overcome. The use of good b 
is indispensable to obtain the full amount of light 
from gas. The governor, however, miglit be diapensedi 
with if a constant and intelligent attention were paid 
to regulating the tap or eook which admits the gas to 
each burner. Theoretically tho tap can bo made ta 
take the place of the governor, for by moans of the 
tap tho pressure or supply of gas to each burner cas 
bo increased or diminished at pleasure. NevetthoIeBa^ 
as a practical (inestion, the governor is indispensable 
to the perfect ueo of burners ; for although a ga 
siimer may he trusted to turn down tho tap when htB 
burners actually smoke, there are no adequate signs (aB 
already explained) to warn him when a waste of gas 
taking place owing to the gas being burnt under t( 
a preesuie ; and this is especially the case viQi ti 
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bnmers ia most goneral nse, viz. fiahtaila and bat- 
wings, whiiih rarely amoke, however excosaivo may be 
the quantity of gas poBsiiig through them. Heuco a 
goTOmof ought to bs employed in every house. But 
as it is beyoud ospectation that the occupiers of small 
houses will incur the coat of a " governor," it is im- 
portant that the uses of the tap as a substitute for a 
governor should be properly understood. In nine 
cases out of ten, at present, the tap is placed close to 
the burner, whereas, in order to turn it to proper 
aoeonnt, the tap ought to be placed as far from the 
burner as is conveniently possible, say, not less than 
18 inches apart. By this means the portion of the 
tube between the tap and the burner is converted into 
a chamber wherein the gas is brought comparatively 
to a state of rest, and &om which it feeds the burner 
with a steady and equable flow, which ia requisite to 
the production of the proper amount of light from the 
gas. 

Having thus explained matters, let me conclude by 
showing what is the beBt, and the only thoroughly 
satisfactory, method of Lighting a house with gas. A 
governor is placed (say beside the meter) on the pipo 
which admits the gas into the house; by which means 
the pressuTo of the gas su[)plied to the house con be 
maintained at an invariable point. Good burners ore 
then fitted up in the various rooms in such a manner, 
that each of them will give its masimmn amount of 
light under the fixed pressure of the gas as regulated 
by the governor. It may here be mentioned that, even 
if exactly the same kind of bontens wore used throo^ 
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out the hoiiBo, they wunld require to be fitted up dif- 
ferent!; in each floor ; for ever; twenty feet in altitndo 
occasions a sensible increase in the preesure of the gas. 
The manner in which burners are " fitted " to their 
respective localities has already been eiplained ; the 
principle being simply, that they are adjusted bo that 
the gas is supplied to and isenes &om their ori£oea 
under no more pressure than is neoeesary to prodnoe » 
steady and suokeless flame. In a house so fitted up 
the taps can be at all times folly opened, and do not 
require to be altered or attended to in any way ; an 
advantage of the greatest importance alike as r^aida 
convenience, economy, and cleanliness. 

Highly valuable as would be any suceessful invcn- 
tions for cheapening the manufacture of gas, I feal 
assured that the public have the means of cheapening 
gas for themselves, by a. proper use of it, to a greater 
extent than can at present be looked for from any im- 
provements in the mode of producing it. By the em- 
ployment of good bumors, properly fitted up, the public 
can obtain at least one-third more light than hitherto 
from the gas, which is equivalent to a reduction of one- 
third in the price of gas. Such a change, however, will 
progress but slowly. It will take a good many years 
before the mass of the gas-oonsuming public becoms 
alive to the true facts of the case ; and, until then, the 
attractions of a very bad burner costing little more 
than a penny will outweigh with them the far greater 
ulterior economy of gaa by the use of good burners 
costing a shilling or mor*. Nino-lentha of the eom- 
Plaints against gae companies for supplying 
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uminating quality are groandless, and 
are attribntable to the now perfectly ascertained fact 
that the vast majority of burners in general use, I 
may eay hardly one in ten thousand, are incapable 
of developing the proper amount of Kght &om gaa. 
The remedy for this great waste, though it may come 
slowly, will come surely. Thereafter the only draw- 
back open the use of gas is one which the companies 
thomselveB are boand to overcome, namely, the supply 
of gas of proper purity. Over the greater part of 
London, gaa is now supplied perfectly free from sul- 
phuretted hydrogen, and almost equally free from 
ammonia ; and recently, as already explained, the long- 
standing difficulty of the obnoxious sulphur impurity 
has litewise been overcome in such a manner that 
gas may now be purified to the fullest extent, and by 
methods which may be employed without occaBioning 
nnisance even in the heart of a city. 
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~ ■*■- " ■ ■ ■ " ' - ' "Tiemisii^ at the Rojal AcKlemj of Ana. 

S HI K liLANCF. ByUiKioi DK BUD- 
w JMHIOD, enurgBO nnn Enlileljf rowrilUHI. Demy Bvo, U. 

—TABLES FOR THE USE OF ENOINEfmS AND ARCHl- 

TECI-S In T.king mil QUANTiTlLS o( MA30NKY, IKONWORK, At By 
C. J. BULLIMT, C.E. OxiaX aro, clolb, llil. 
BOWBINa.— Tha DECIMAL SYSTEM, In HtnuBERS, COINS, Bud 
ACCUUN'TS, By Uiu ku Sir John boKBnin, LL.D. Ulaglfited with ltd 
Eugiasmnn of Coins, Ancient and Mudem. Post avo, cloth, u. 

1 EUROPEAN POINT uf 
M 
COOTE.— THREE MON ms Id the MEDITERRANEAN. By Waltib Coots. 

Orowu svo, cloth, Eff. 
CBACBOFI'S mVBSTKBin TaAOTS.-AMERlCAN HAIL- 
WAVS AS INVfaTMENTH, By RoBKl.T GifI-™. Dedhalsd 10 the 
Ueoibera 01 the Loudon SLodi Exchange. Fourth Edl Hon. li, 
THE TimSTEES' GUlDEi A SYSOPaiS of the Ortluiuj Poniera of 



Edward Stanford, 55, Charing CrosB, London. 
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DB MOBOAW.— El-EMEMTaof ABITH M ETIC. BrArc 

rf TrtnllT Ogll^. OunbrUsni IUe Pnleanr at Miiliag 

OMt^lj»aoa. Slitb Edliiou. Bsfal 12ia<i, doth. u. 
Da KICOI.— FIJI' Out Sew Prortoie In UK SooUi Sfu. Br J. B. Da bat J 

r.BjQ^ K.IL'i AUonuT-OtnenX tur I^; Aotboc of •Uom ibsB >9r 

WIUi two Ntpi. Luv° pM >™. daUb ■*- 
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■■ ■ - Bt Fshumm IIm-, F.iLG-^ F.l!^ A * 
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EDWAADS.— THi: GERMANS IX F 

Um Modem U«gM ol Wu. Bj H. Set 



, tl Pbrilo. 

(lDat,i>ntaiinliit[iHliictlnnUHr<«ia&Ouide[urluihpqrp»H Brlto 
But. J. P. riniiTHUKri, U.A,. P.R.U.S, Pi1ucip4l or IVlilteliadtTralnliil 
OuUea- SI'lh Edition, mlarfed la 18 Ktft, prtaMd Is OoIodt, vU 
diwrtptlie LeUerpraL Piica it. 

OtTTLINK ATLAa^-ConUlninK SIxlHn Hipa. IntrnAnl dilfSj for nie wHb 
the ' Elmmmry Phy.lcal AHm.' By Ihe Kfv. J. P, Fjtoth™™. MX, 
F.R.O^„ Prlndpil ol WblUlaiidi Tralnliig CoUsge. CulDund Wnppa, 1£ 

FSOJECTION ATLAaL— CODUiningSliUHiPLUaaf PrqloOioiu. InUiKbd 
cbldly (or nw ollh tbe ' Fhjs\a.\ Atlu.' B; [be Rev. J, P. PuimiOBri, 
M.A. P^O.Bh FrtDdpil o[ Wbllelwuli Tnlning Collegs. Cotnind 



BLANK SElBin^ (Or MAPS.— SIxEhd I.hti 

InlBiidoil cbkBy tin '"' " — " 

J. f, FlDBTBOBPS, 

legi. ColuTir«l Wn 
PKTSlCiL ATLA3.- 



Blank Pipet for Mip-Dnalllg. 
I EDS ^ KienwDury Pby»lcAl Atlsa/ BTtliflR«T. 
.R.aS., Prindp^ of Wblulonda TnlnlnE Cd- 



<riw or Twplve Wapt, for IMflD-DrKvring and 
^ES Bno, B.A., F.ft.A^., 8cI«k» UuUr UUu 
uiora unnuuu sonoou Rofal llo, glltf bourdi, dolh bKk, u. si 
—A ■WINTEtt JOURSEY lo ROME and BiCK, With GlancM U 
ics. HUun, Flomnre, Niplu, Ponprll. uid Venlo. Tblrd EdliloD, wtUi 
id Appendli. Crown Hto, dotb, 4b. fid. 
-MANUAI. of OEOGltAPHICAL PROHDNCIATIOS snd ETY- 
MOLOGY. B! A. F. FiHTKB, A.M., Aolhor o( -A Genenl TreadM ml 
GHigraphy,' jLO. Kin th Edition. Fcsp. ismn. limpdotii, xi. 
GAWLBB.— SIKHIM: Wilb HbiU on Mounlaln inl Jungle Warfiifc 



lel J. C. 



te DepglT Adjntau 



UiLp tod lllnslratdoDL Demy Svo. pa 
OILI..— CHEMISTRY tm BCHOULS: in Introdnci 
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GUBH, MlnlsUr ol FoitLgn ASkln u the KiUE ot Ibe Siudwitb Jelanda. Uem; 

SOU) 8W0BTH.— DEEP-SEA FISHING and FISHING BOATS. An 

BiltUta IiIiuhLi. With Ulos'trailaris and DescrlptlDtu ul U» Flibliig B»a, Neu, 
and Qibcr rmr » ii.ip ; and Nolicea of tbe Principal Fithing SMIiDni Iq Ibe 



-IBITKINSON. — PKA.Cr[CA.L OniDE to CATILISLE, OILBLAND. ttae 
"IMAN WALL. Kid .NEISHBOURHOOD. By H. J. JsBKisBjs. With 
LAplfTft on Local N'ninea,1iealoH7. MLaeraluHf'BoutnfiaddEntoEDirlugy. JUnp 



1— SMALLER PHACTICAL GUIDE to CABLIELE and HEIGHBOURJIOOD. 
Will) Map. Fca[i. Stu. 2s. 

— PRACTICAL GUIDE to the ISLE OF HAN. I^oalainlng Ititrod»iitian— 

CbnTCTonixa— Motfl Tariffs— CoacliES—Indpx. feo. Also, diiptfra du Local 
Namen Mineralogy, ClTll HlsloiT, Etdeidiulical HiBtory, Geuloaj, Botany, 
Zeal(«y, Agrlculiore, Commetce, aud Sea Trout-Ujibiug. With Map. Fcap. 

— SMALLEK PRAUl'ICAL GUIDE to the ISLE OF MAN. Contalnliig 



Flying Visit to the 

CoDveyancca, Punle_. _.„_._ _. , _ . .. _ . 

PaaiBi — Local Namsa— Ueuorolagy. Gwlogy, and Bounf. Foiulli EdlLioiL 

■.* Tlis SsoiionB Beparatelr: KsainoE— WnDBanEi and Lahom).!!— 

(SlimDH. BUTTEUBRB.andWASIirllltk— GlUaHBRIIUldULUWUEL Wllti 



L— SUALLEB PRACTICAL Ol/IUC, lo \Ui ENGLISH LAKE DISTRICT 
'^^'alDingChai^eAforCociTeymnCH, witli iiiH^nnaLloa and iJiflLrncUone reapeo 
Wal^ Drives, Bualln^ AHWuts, Eicutsloua, jic. Fcap. tvo, wjtb Uap 

iaNO-.— TERGIL^ jCNEID: Tramtated Into F.ngllah Vene by the Uov. J. H. 
KlKO, Vicar of Ciitcotulie, late Scbulac ol BaU, Coll., Oton. Second EditioD. 
Ore - -■ 
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XJCBOH.— IKi™ RIFI.EHEN m AMCfilCd. Bt ABrnrra Blktrbu 

LucB. Wllh Culoutal PliIHUidaMip. Ctdhh a>o, clolta. u. 
liBWIS.— Ths ENOLISH UHOUAQE: IM GRAMMAR >nd HIST 
logrlhcr wlUiiTRKATlSEwiENGLrSH COMPOSITION, At Ry lh< 
BmBi L«wi». EA, IMiicIiiiil nf Cnlhun Training CoUcge. SUh B 



IT to mj part of 



LBWlS.—DlOESr OF THE ENGLISH CENSUS OF im, wmpUrf ft™ im 
OffldM Rvtunii Hid Edll«d by Jahu Liwia (or the Kfgtitru-Ovncnil'i 
Heiwrtincdt, ScminMt Hinue), aanctlcmnl b; Ilia FUgUitrir-Geniral, and 
ilnlkiteil br pfimislrai to the Prprldeal. VlK-['r>»lduLU. isd Caaoca of Uk 
SlalinftuilSgdnj'ofLoiKlDI). BujtU 8vo. dIqUi. U. 

LONDON OtJIDB AND MAP. How to gel t™ 

Lniulori, or lU Sut.urba. Fabllc nulldinii. ria» of Wom 
.uluUun, llamof AmojaErat. io.; «iih Tim™, Fsres. 
HpKlklly.Ac. PrlDlwl Id coluDTi. Crunn Svo. cloth. 2i.»d. 

I.UaAS, — HORIZONTAL WELIB, A New AppIioWinn of OMl(.(i«l 
PrlndplM III ttlrct Ibc Solntlon of (he ProblnB of Snpplying London willi 
W»»r. BTJ.Luc««,F.a&,oflBBOouloglailSiir«)yofEngLiDd. WiUiMipi 
Crown Ito, clui:i buk, lOL Sd. 

MANLT.— PRINCIPLES of BOOK-KEEPINO by DOmiLE ESTBT, in * 

lliiui (lilrty-iree vtais Prlnciptl Writing Maslfr and 'I'pKher of Boot-keeplig 
in Ibr City vt London Srtaool. Fourth Edition. ReTiied anil miugai br 
Huur WiLuAM MiBLi, F.LA. Uaaj 8'o, doth. 4i. ei. 
I of HORIZONTAL C 

. _, jf tUrtniiun of Plunai 

being new Tli»rl<ii of Nntunl ForrM nut befOie dhicoYerea, lad ursaniing im 
BUBT Naliail Phraomooe, hi Iherlu un»lv«l probleme. By Johh Mjimir. 
of MelboDine. Aiutr*U^ IT lUiibtmtionB. Crown sto, cIolb,3j. 

HEADEN.-'A FIKSr ALOEBRA for Uh In Junior Clusea. By the Rrr. R 
Albis Hudir. M.A., ScidiT HarbnneUi'al Huler of Ifae BHdfDnl anmmli 
Schuul. ThlrdEdlUon, tevliDdJUHlHiIu^. Fup. Ira, cloth, U.td. 

MEDHUHST,— The FORKION ER In FAR CATHAY. Bj W. H. M«i>HD»Bt, 
, . . „. . , ivjii, coionral M»p. Crown a lo, cloth, M. 



MULHAIJ,.— HANOBOOK TO THE KIVEK PLATE KEPDBLICS : Com- 

Kopaiairs of Unigaa; and I'aruguaj. Bf M. O. ud K T. HuLU 
rrlrton and MIttjre uf the BuenuB Ayice -Staodurd.' With &t>p and '. 
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HOBIjB.— DKSCRIPTIVE HANDBOOK OF THE CAPE O 
dlikin bdA IUeuur«9. By Jomi Nuhle, Clrrkaf the Hcniei: 
flFQuolllDpe. Wltb Mip and lllDKnUlDna. Croirn luo, da 
PAIiMEE.— Tho oniJNANCE SDHVET o( tbe KINGDOM: lis ObKwH, 
"-' ■'• ■■ ■■■ - ■" sHil OondJIliin. BjCiipl»luH.S.PiiJiii«, 

Demy Hvo. dtith, 2i. ed 
CANADIAN POMISION: ConuinlnE 



KE. FiieColaurtdlndoiMspi. 
iHHiPOT.— OOirE BOOK lo 11 

Cpitaltat By Hiavur J. Phutot, M.U, (C^ 
PrettC! by Thumas 1' '■ - ""■ — ■ — 






POOB KEI.IEP m DIPPEBEirr PARTS OP EUROPE: 
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leLnngnage on ) 



■ «EOLO(J CAL UAP 
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BUSSELL.— BlAI R TZ d Ih BABIJUE COUS RIES. B CotriiTHB.ii 
REUAELL, Member th eo^pb od Geu glul Su ellDf FniDCe h 
Alpine Club, aud Snc Umo d A lb F uid ta P neei (k 

(^HnSvo. wilhiiM p W 

BOHOOL-BOTS' IiETTEBS for OOPTIwa and DIOTA 
TiOH: beiuE > Srrl b ErspbHl Lr bl«:IH u g ta 
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BKABP.— KUSIKENTS of GEOLOGY. By GtHOEi; Sn*KP, F.S.A., F.G. 

iDUoducbiry—SlrullgrBpblisl ud Fslawnlgloglul. Ctown svo, cluita. ai. M, 
SOIiLrVAN.— THE PRINCES OF INDIA. An Hliloriciil Nirraa™ of U 

B^ By Sir Khwabp Scmi'AS,flart„Aiilh.riifl>-tl;TsuinImlH.-'Trip 
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ZAKDOM Mid it> SDfiU&BS.— Ob a 
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,tt^ A Key Map cmj tv bod «i ■ppUcukm, « per poii fur < 
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A8IA.^Sc.i/-. Ill mOh » u Ibib 1 liH, i 
APKICA..— !)alb tt uDn ta ma Airh; itoe. 
irOBTH AKERICA.-&11F. SI bOs to 
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CANASA.~^LAKGK HAP of CA?(ADA. & 
&««. Srr-- - ■ 



r 5^ CMrond nd 
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U^jl-XJ UJ BT ATO8 ud OKHTRA2. AMERICA, -ft* OmiAk 
■Ibv ID u liHk; ito.tl lvb« k^M. CoHmd ud nosBted ^ Uao. to 
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^**»^ Stanford. 65, Charinfi Cross. 




QENKBAL UAFB. 



Emeriti |Etap3, 



CBNTKAI. HnROPE.— RAVIES'8 MAP of CENTEi 
mnlni^i sits, iTlnohtahj^. SJifete, plvn^ lOi.; <uloaivdT la 



LrcblpQlagO) Greece, t] 



%AJLVr&T AaUxaAUATION.— A RA EL WAY MAP of ENGLAND 
and WALES, prepuml b; K. Fnicii Williahb, Esq., M, Iitit;. C.E., ahawInK 
tbr DbUiotn HeTvnl by eatti RailVij Byatem. jind ■!■ tbB RoUuayfi atWDol And 
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drPupnlnilDn, JK. Sralc, 19 mllei to 



eOOTZ.Ain), In OOXTNTIES. WItb Oia Riude, I 
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BBTTISH METROPOLIS and SUBURB 8. -STASTFORIVS KEW ] 
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4 Sdn-DWrUICfrS. in LOWDOS •nd ill 



LONDON ami its BNTERONS.-nAVTESS MAP of 
111 ENVIROHS. Scale,! Ucbrs td ji tnllc; ske. 36 InnljeB 

LONDON and it* ENVIRONS.-STANFOmya MAPdf 
lla ENVIUONH. riiowiEg the Boucdiij of tho Jnriedlcifon uf III 
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.Edward Stanfoid, 56, Chatis^ Cross, Loudon. 
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MAP OF ASIA. -By J. 



r PORTABLE MAP of INDIA. ExhlbrUoBtbi 



IKDIA.— MAP or INDIA. Bt J. ABHOwniiTiL SoUe. go niUn to in tDclii 

aETLON,— MAP nf CETLON. Conntructed frodi.ftiBeofTriarignlsllniiainil 
oanwpoDiUini AsironomlBil Obewatlims. By M»>ir-(ieniTiL Jiihh Fsun, 
lite iVpuly-QiurlcrmMlcr-UeDriiil. RHJuuHruciiil b; JoEiN AKuowniiTa. 

Buunitil, In cue, 3L lit. Mi ou nller, vunlihcil, tL ti.) i^tng roller. 

0BYi:.ON.— COFFEE ESTATES of CETLOK. M<kp BbowinR the Porillon of tliB 
OiilI« ErtilM lu [be Ccntrtl Ptoilnco of Ceylou. By J. Aauowufirn. Sin, 

u RoBtci pTopoard for raatiMUnK 
iih, ana derelopiog Urn TtmIo o? 

Ooloured, 3^, ; mouTilfil. in cose. &s. 
BUBMAH and ADJACEirr OOUNTBIB8. - CMBplW (hm 



..— MAPofCHINA. Bf J, ABaoiTSHiTn. ScoK «D mila to mn Inch i 
- IncbH b; 12. SbHt. culounnl, 3i. ; muiiaUd. In due, a. 
and JAPAH,— ffTANFORD'S MAP of tbe EMPIRES or CHINA 
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AnUCA. nrOSTR.WBSD^XAP of NORTH-WIST AFBICA. fc 




A^SIOA (aOUTH-BABEBRin. ~ lUP t* MJfJTB-tJSTER'S 
ATBKA. r I >* tty Hmi lUii- Sak. M mOa id m Indii ain, M 

ATBICA (WKST OOASTX— HAP iT ibc WIST COAST of ATRICA. 
r^MiiiiM lii^B mk 1^ Br^^ ^" '-^ -' ^ — t _-' — > ,1^ <!..«>.» 

OAIS or OOOD HOPS asd SOUTH APSICA — XIP nt SOUTH 
AmCA. Oar G^tov. KMiiI. Ac i^ Hisn lUu. Sole so mllo in IB 
ktki liHk »lKte tj II. Sbtt^ pita tL U.; BornHd. in cue, ci. Id. 

OAFB OOIiOSrT(EAI^rBRH FRONTIER).— MAPortbcEASTEBS 
nuafTlEB gl Me CtPE ON-OST. CUntiM bf Hesii Hiu. Snlc 



HATAI>— AMAPatllKCOLOSTiiffrATAL Br ^I'Euihi HuK, Lad 
Starr^w. SU^ OnpilHl hm ttK Dbgr^ hdI GedhiI Plus In UB 
SvnwOmMarXMh*. ud frgm ram AnSated b; P. U. sriBEU-kiiD, Ehi, 

C»h«^ Ftui TtHii II. Id. ; Boimicd. la v«, au. ; m ivUtr, ivubliHl, 3St. 

VATAX.— MAP rf Ite GDLCIXT nf NATAL. Om^M ta Ok SunerM- 

Oanfi OOoe. Oi^ Ill.taiAn bf 111. :^Hb nkwRd. 1*. ; moDiiIcil, In 

HUBIAkod ABTSSUHA, IncliidengDirrBr, Ki>d(Aii,iDdput<iCAnlai. 
By J. AtB>wsiiiTB- Sntr « mas w u iscb i ais. M incbB V "^ iSiHl, 

Edmid Stanfini. 55, Chftiuig Crao. LomdoiL 
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OASADA..— MAP of UPPER »iia LOWER CAKADA, Sew Brima"idk,Nn™ 
pmiiuii ot llii? CFnlliil Suitf. Bj J. AiiBowaKiTB.' Scmle, 3B miloi id an inch ; 

UJHTJii) STATES and OAWADA.— STANFORD-S SEW RAILWAY 
UK) CXJONTY MAP nl U.P OSirtll ETATHSbihI i>.RRrrOElES. K)»i1i« 
Willi lioiuda, S^w Briin,witk. 4c. Seta M( mllw tu >u idcb ; Biie, 17 EichM 
l^ae. TwottaeelB, wluurai.^i>.; cue, lU.j go ruUers, nmUKd, Siu. 

traiTBD STATES.— ST ASFOED'S HASDY MAP ol the DNITED 



OZOrTBAl. AUBBIO A.— BAILEY'S UAP of CESTRAL AMEBIOA, 
Inclndtng IhE Slilici of UiuUmikla. Salvadur, Uundtlrsii, Nlcurieni, md CiiaU 
BIca. Scult, d Dilliia Kiiui indi; b1w,«d incbm Dy'JI. Sbeel, 7>. ed.; mDUilCed 



' BSKUUDAS.— MAP uF the BI'IRMUDAS. Fqlillabed ij dlrertlon of EIb 
la.OaFli.fth'<Bern]udiia, Saiir, Sj m\\ft u an iTidii Bliu, «2 iucliea by tS. 



'A. FreuTBl t; 
t, under Lbs dine 



BASBASOES.— loTvr'Pblot Uup, bunl Dpon Mi;o'a Driglnl Saner in 
111], iiHl Dutnt'lnl U) ibe yi'ir let*, fiy sir Kobekt U. Schumbubqu. liJ{.E. 
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mTTU, Sale. IB mda to ui Ijvh ; bIec, 40 InohCA by 
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Ibe Suivoyi of ai.fi. Ftqph-, RE^ Snrvpmir-Uenci 



OUTiBWSLAinj.— STANFOTtiyB i 

(lUEKHSI.ANI) <Ni>nb-Ei8tem Anil 
kllle Anlharilin. Soilc <4 milfB U> SI 



F tbe PROVISOK of 



: Ci>]upl]rd Tr 

TIOTOBIA.— A NEW MAP of the PROVIHCE of VICTORIA <AMtnJl>) : 
Shuwtng all Ibe Idsda, RlrcvB, Tiiivni. Connlln, Quia DigghigB, Slippp uri 

NSW ZBALA2n). -STANFORD'S MAP of NEW ZEALAND: Oompnpd 

KBW ZEAXiAKS.— TVan OOtcdul nwnnDerin. Gj J. AsRnwsinTH; Scale, 

ITBIiSON and UABIiBOBOtTQK.— A NEW MAP of 
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TASMANIA (Van Dlemec 



Edward Staafoid, 55, Cliariag Cross, london. 
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Sc|)ool gtafs. 

SIAinOED'S HEW SESIES OF SCHOOL HAPS. 

fur the Aimj «ikI N^vy t^.buoK \hn Onnmi^oaeTe of TfaiKiiiBl Eduaiioo fiv 
InluDd. Ibe ScbooJ BijuiIb or LduIuii, Kdinbaiflb, ffinDin^um. LivfrpoDl. 
UanetaHler, Bbeffleld. Laali, Brigblnu. Briaiot. Bimdlbrd. C^lerfnir, Derby, 
Olupiir. Balibi. Huddeiifield. Hull, LelccMiFr, NevraiiliMiii-'I^iici HMilng- 
bun, Oltlluin, Path. ScBTbonogh. Slockloo. Sond^rlutd. Wot Bromvicb, kc. 



Nortli America. 
South America. 



British Isles. I India. I AustralaBia. 

Scotland. | Ireland. | Australia. | New Zealand. 

Old TeHtament. | New Testament. | Acts and Epistles. 

The British Isles. Siw 76 (nchea by 90, ptiM )2i. 

The World in Hemispheres. Blie Loi iDclH'a by to, prla Ui. 

ThiB N«n Saitt df Lurce Scbool Mopi twi bwn dmvii and cDgmved iMlb Ibc 



JtiLteriiig ruquitdu Ibr 



STANFOSD'S SUALLEB SEEIES OF SCHOOL UAFS. 
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I North AmeiioB. 



Wsstem Hemisphere. I Holi 

The QpruispberuB on Ik bod taountea u one JU4ip, coionreo, ana moanieo un 
rollOB, vamitbed, 121. ; tize, M iDChes bj 33. 

I1.C1I.J alK, It'iodiMby 21. 
Old Testament. | New Testament. I Acts and Epistles. 



Edward Stanfoid, 65, ChAiiius Ctotft, Ij»lSsx&. 
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BTAKFOBD'S KXW PHTSICAX SEKIZS of WALI. BIAPS, 
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IHiwuir-Omtral of ih» Ofolugicid Sprvryiof Ibc Uiillfd Klngdoni. 

The BiitUh IbIob. SmIe, lit mils ta u todii slu, K) intdia lij H, 

BnKland and Waloa. Scat, » mlla to in Inch; idte, tn taqhM bj H . 

BnTOpe. S«l^ es tniln to ao incb ; sine. «8 iBdm bf 90, aciuihd on n>na% 

BcotlAiid. Sali^ Alalia man Incbi 6iie.34 incbn b7*i. 
Ireland. Sotltf. b mUntuui inch; aitf^^i knchnbj 42. 
AmoTiDti, North. Sc«fc.»7 milM loan Inih; bI». Bulodiw brM. 
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The World In ^emispharoB. Slic, si incbcs h? it. Pilca lai. 
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K.GJS., F.Z.S. 
The Vegetable Kinffdom. Bj A. Uenebet. 
The Orders and Familiea of Molluaoa. T>r rn-. Woodward. 
Myrtapoda, Arachnida, Crustacea, Annelida, and Entosoa. 

By Aut-x White, and Ur, IliiiiD. 
IUBBCtB. Sy Aliill WHira. 
FLshea. By I'. I[. GosaE. 

Beptilla and Amphibia. By Dcs. Bell and Baibd. 
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Edited by O. PHILLIPS BEVAN, F.O.S., &c. 



The Series comprises the following Volumes, price 3J'. 6^. each. 

Iron and Steel W. Mattieu Williams, F.C.S., F.R.A.S. 

Copper J.A. Phillips, F.C.S.,F.G.S. (Mem. Inst. C.E.). 

Brass f 7T«, and Zinc . . Walter Graham. 



Aletailic Mining Professor W. Warington Smyth, F.R.S.', 

F.G.S. (School of Mines). 
Coal A. Galletly (Curator of Edinburgh Museum 

of Science and Art). 
Collieries Professor W. Warington Smyth, F.R.S, 

F.G.S. (School of Mines). 
Building Stones Professor Hull, F.R.S., F.G.S. (Director d! 

Geological Survey of Ireland). 
Explosive Compounds .. W. Mattieu Williams, F.C.S., F.R.A.S. 



Gunsy Nails, Pins and\ 

Needles y Screws , Nuts\ The Birmingham Trades. — The late W. C. 

and Bolts, Electroplate, j Aitken (Birmingham). 

Saddlery j 

Pens I 

Papicr-MdchS W '.'. :;| (>• Lindsey (Birmingham). 

Cutlery F. Callis (Sheffield). 
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Acids and Alkalies .. .. Prof. Church, M.A., F.C.S. (Royal Agricul- 
tural College, Cirencester). 

Oils and Candles .. .. W. Mattieu Williams, F.C.S., F.R.A.S. 

Gas and Lighting .. .. R. H. Patterson, F.S.S. (late Metropol. gJ 

Referee). , , 
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Wool Prof. Archer, F.R.S.E. (Director of Edinburgh 

Museum of Science and Art). 

Flctx and Linen W. T. Charley, M.P. 

C{?//0u Isaac W^tts (Sec. Cotton Supply Association). 
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